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CIIAPTKK I. 

INTBODTJCTOBY. 

Assaying has foi’ it> ()l)jt‘ct the dolcrmiuation of the quantities ol 
those 0(4istitueiits of a uialorial whicli add to or detract from iti 
value in the art.i and uianufactiires. The methods of assa}'ing 
arc mainly i,lif)se of analytical chemistry, and are limited by various 
prjictical consiihuations t,o tl»o deternriination of the const ituen^^j 
of a small parcel, which is frequently only a few grains, and rarely 
more than a few ounces, in weight. From these determinatioiis 
ealeulathjiia are made, which have roferene<^ to a mass of material 
of, perhaps; hundreds of tons. But in all cases, whether the mass 
umler con.si deration be large or small, whether the njaterial bo 
obtained by mining, grown, or manufactured, the jissayer is sup- 
posed to receive a small quantity, called the sample,” which is, or 
ought to be, the exact counterpart of the mass of material that is 
being dealt with. The taking and making of this sample is 
termed “ sampling” ; and the meii whoso special w'ork it is to select 
such samples are “ the samplers.” 

But although “sampling” is thus distinct from “asssiying,” the 
assaytT should be familiar with the principles of sampling, and 
rigorous in the applivtation of these principles in the selecting, 
from the styiiple sent him, that smaller portion upon which he 
performs hi.s opemLirjns. 

Sampling . — In the, case of gascsj there is absolutely no trouble 
in mixing. The only diliiculty is in drawing off a fair sample 
where, as in flues, the body of the gas is in motion, and varies a 
little in composition from time to time. In this case, care must 
be taken to dmw off unifonuly a sufficient vo]ume*of the gal duiiug 
a prolonged period ; any portion of this*larger T^lume may then 
be taken for the analytical operation. 
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In the cate o/UquiSst which mix more or less easily—und tSis 
class includes metals, &c., in the state of fusion — more or less 
severe agitation, followed by the immediate withdrawal of a por- 
tion, will yield a fairly representative sample. 

In the cate of solids, the whole mass must be crushed, and, if 
not already of fairly uniform quality, mixed, before sampling can 
tahfi place. Most of the material which a sampler is called upon 
to deal uTih, is^ however, in a more or Ich' divided state and fairly 
uniform. In pr.ictico it is assumed that * per cent, of the whole 
( = taken in portions of equal w^'iidit and at frequent and 

regular inten^als, will rt'pre.'^eni the nrass from which it w'a.s tiiken. 
Taking a heap of om, A, and jseloctir.g one out of every twenty 
spade-, bag-, Iwirrow-, or wagou-fiilsf according to tii ‘ (quantity of 
stuff in the hoap, there is obtained a second hc.iji 11, containing 
ono-twenticth of tho .stulf of tiie heap A. Ii vo crusli the stutf in 
B until this hoap confciins approximately the «!i.Tne number of 
stones as A did wliich means, crusliing cveiT stone in P> into about 
twenty ()iee(!s - B will become the counterjMrt of A. Selecting 
in the same manner 5 per cent, of B, there i.s got a t hird heap, C. 
This altei'jiate reduction and imlverisir.g rou<t be ttirried on until 
a aaiupie of suitable size is obtained. This may be expressed veiy 
clearly thus : — 


A ss fooo tons of iOcks and lumpy ore. 

B z 50 „ „ rough stones, ^thofA. 

0 ss 2.5 „ „ small stones, jiythofB, 

D = 0.125 „ „ coarse Dowder, ,\,th of C. 

If the material to be sampled is already a dry powdei, 5 per 
cent, of it should be heaped in a cone ; each lot being added on 
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th% apex T}f the cone already formed, so fiiat it may distribute 
Itself by falling evenly in all directions. When the cone is com- 
pleted, convert it into a low frnstrum of a cone by drawing stuff 
uniformly and in a direct line from the centre to the drcurn- 
feren e. Draw two diameters at right angles to each other, and 
resen ing any two alternate quaiiers, reject the others. Mix ; and 
form another cone, and proceed until a sample is got of the Itulk 
required. , • 

T1 Is is the usual plan, and all samples should be treated in this 
way when the stuir is fine enough to fall evenly down the sides of 
a cone. 

Samples as they reach the assay office are seldom in a fit state 
for the work of tlie assii}'cr«{ they are generally too coarse, and 
ought always to be more tlum he wants for any particular deter- 
mination. The portion he requires shoub' never be taken at 
hap hazard ; the sample must ba reducetl systematically to the 
quantify required. * 

1. Jf the 8<niiple is a liquid: it is sufficient to shake the bottle, 
and take out a measured or weighed quantity for the assay. 

2. Jf a liqitid with a solid in, stespensiou : measure the whole 
of it. Filter. Make up the filtrate witli the wash-water or water 
to the original bulk. Asstiy it. Dry and w'cigh the residue, and 
make a separate assjiy of it. 

3. I/qf a creamy consistency, free from heavy particles: mix well; 
spread out evenly on a glazed tile. Take up equal portions at 
equal distances. Mix and assay. 

4. If a mad of coarse and fine particles, or of particles of unequal 
density : w-eigli and transfer to a porcelain dish, or weigh in the 
di.sh. Diy at i oo" C., weigh. Treat the re.sidue as a solid capable 
of being powdered. 

5. //* a solid capable of being powdered, or already powdered: 
heap up into a cone ; flatten with a spatula ; divide along two 
diameters at right angles, and carefuUy reject the whole of two 
alternate quarters, brushing away any fine powder. Mix the 
other quarters, and repeat (if necessary). For small quantities a 
fine state of division is essential. 

6. If a solid with metallic particles : powder and pass through 

a sieve ; the metallic particles will not pass through. Weigh l)oth 
portions and assay separately. Sifting should he followed by a 
very thorough mixing. • 

T. If a metal or cdloy in bar or ingd : clean the upper surface 
ofithe bar, and bore thi'ough the bu. Use thetborings. • If the 
ingot orhar is small, cut it through andffile the fection. Filings 
must be freed from fragments of the file by means of a oagnet ; 
an^ from oil, if any be present, by washing with a suitable 



4 


TEXT-BOOK OF A&AYIKO. 


sol vent.* W here prn^ticahle, melala and alloys are best samnled^bj- 
mclting and grauuliiting. The student must carefully avoid any 
chance of mixing dirt or particles of other samplas with the par- 
ticular sample which he is pre]>aring. One ore should be done at 
a time, and when linisliod, it should be labelled and wrapped up, 
or Iwittlod, before starting on a fresh sample. 

When an ore requires to be very finely ground in an agate 
moi-tar, ihis often advisable to mix with a little pure alcoliol and 
rub until free*from grit; dry at loo" (J. and mix well before 
weighing. 

Wlien an assay is r^uired of a*qiiantity of oro made up of 
parcels of difTerent weight and quality, parcel should l)e 
separately sampled and parts of sample, bearing to each 
other the .same proportion by weight as the original parcels, 
should be teheii and mixed. For example, a lot of ore is made 
up of one parcel of A, 570 one of B, 180 ions, and another 
of C, 50 tons; a sam[»le repipsentin^ the whole may bo got by 
miring 57 j)jiris of a sjimple of A with 18 parts of a sample of B, 
and 5 parts of a s.ample of C. 

A bruising ])late, like^hat in fig. 2 ., is couvonient for general 
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office work. Tlie slab is of cast iron, about an inch thick. It is 
firmly supported on a solid block of wood, and pivoted for con- 
venience in emptying. The bruising-hammer is steel-faced, about 
4 inches squire, 'and i J inch thick. The block is firmly fixed te a 
small table or firessel, s6 that the slab is about a f^t 6 indies 
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fi%m the ground llio slab is cleane*!, ap^l the sample collected 
with the help of i stiff-haired bnish. 

^ Drying ; Determination of Moisture.— In priicti(«, the 
moisture Ls gcnerall) determined by the samplers, and the pn)- 
ixjition is specified in grains per pound on tlio label attached to 
the s;iinple when it reaches the assay oilico. ' method adopted 
is usually to dry i lb. = 7000 grs. of the 010 in a fryingj^an 
heated over a gas flame, or in an ordinaiy oven, until a cold blight 
piece of mebi’ or glass is no longer damped wlien hSld over it. 
The loss of weight in grains = moisture. 

Properly, ho\vever, this wf>rk should be done by the nssayer, if 
only for the following reason. It is nssuiiied that the dry ore of 
the sampler and of the as.sayer ai’e tlio same thing ; according to 
the nature of tlio ore, this*may or may not be tbo case. Tlie 
ossjiyer, however, uses the sample which he lias dried for his 
moisture-determination, as the diy ore on which ho makes his 
other assays, and no vai-iiition iti moisture would inlluonce the 
other and more imporiuiit determinations. Some ores ai-e sent 
to the smelter with from 5 to 1 5 per cent, of adherent water. In 
these cases it is be.st to spi\)ad out the samiile, and taking equal 
portions fairly at regular intoivals, weigh into a llcrlin dish 20 
grams. This should then be dried over a saiid-buLb, or if the ore 
is likely to be injured by excess of heat, over a water-bath until 
the weight is constant. The lo.'-s of weight multiplied by 5 gives 
the [)ercentage of water present. 

Example: — 

Weight of disli-f wolfram . # • . 32.67 grms. 

„ „ dish . . . . • • 12.67 M 

„ „ wolfram 20.00 „ 

0 f, dish -t- wolfram .... 32.67 

„ .. „ dried .... 30.15 

0 „ water = 2.52 „ 

2.52x5=12.6 12 . 6 V,- 

Thei’e are other ores which are not apparently w'et, but in the stato 
called air^diied.’' It is easier to t^e fair samples of these, and, 
consequently, it is not necessary to u.se so large a quani.ity as 20 
grams. But with a smaller quantity, extra precautions must be 
taken. All dry solids at ordinaiy temperatures absoib moisture 
from the air. The amount varies with the nature of the material 
|ud with the quantity of surface exposed. Light bulky powders 
absorb 4 nore than heavy ones, because q! the gfeater condensing 
surface. It is on this account that it is well toVeigh substances, 
which have been dried, between close-fitting watdh-glaaleB. The 
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uietliod of determining^ moisture is to wei^di out into the glasqps 
5 grams of ore, and di-}’ in tlie wator-oven until there is no furtlici 
loss of weight. On talcing the glasses out of the oven, they should 
be at once closed, the clip put on, and after cooling in a desicoitdi* 
woiglied. If after a second trial the loss is tlm same, or only in 
*4^ised by a millignim, the determination is tiuishcd. 


Example 

Weight 

of gla8.se.<< + pyrites 

• • 

31.0470 grms 

26.0470 „ 

n 

„ pyrites 

. 

5.rxxxj , 

H 

„ glnsst‘s 4 pyriti'S, 

|i ti *i 

drU*«l I h'uir 

^0.8065 „ 

30^^957 .» 

„ 

U #» H 

H ff *1 

# 

dried 

31.0470 

30,8957 


,f moist uro . 


. 0.1513 


0,1513x20=3.026 8.02 

Sometimes it may be advisable to dry 10 grams, in which case 
multiplying the hiss l)y 10 will give the percentage. The <lrieil 
ore should ’06 ^rausf cried to a neiuiiing-tuhe (fig. 3), 
and reserved for tlic suhsc<|uent <lctenuinati()ns. The 
weighing-tuho with the ore must lie marked, and kept 
in a de.sice.'itor. 

Most ores and inorganic sul>8tjin(;e-s ein he dried, 
and their moisture determined hy the loss in this 
way. When, however, the 8uh.stance contains anotlior 
somewhat volatile ingredient, it is expo.sed over sul- 
phuric acid in a desiccator for two days (if in vumOj 
all the lietter), and the Io.ss determined. Moistiu’e 
in dynamite should lie determined in this way. 

When water is simply mechanically mixed with a 
substance it presents but little dilliculty. The com- 
bined water is a different matter. Slaked lime, even 
’ when perfectly dry, coiitiiins much water ; and if the 

water of soda cry.stals were scjiai’atod and frozen, it would 
occupy a volume eijual to that of the original crystals. Perfectly 
dry substances may conbiin much water, and this combined watci 
is retained by different materials with very unequal vigour. 
Sodium sulphate and sodium phosphate crystals lose water 
even when exposed under ordinary conditions to diy aii\ Soda 
crystals when heated melt, and at a moderate temperature give 
off theiii, water with ebullition. Tlie toraperature at which aK 
the w'ater is give% up varies with each particular salt ; the actual 
determinftion of the water in each case will require eomewhat 
different treatment. Such determinations, however, are seldosi 
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required ; and fr »m a pmctical point oL view this cx)mbinod 
water laiuses no ti juble. 

,/74 okaying ores, w#' teim “ moisture ” all water which is lost 
by exposure in a watei-oven at loo* C., and the dry ore” is the 
ore w'hich has been diied at this temperature. No advantag:o, bu( 
rather endless confusion, Avoiild be catised by \ ing the tempera 
ture with tlie object of estimating the whole of the water whidi i 
hydrated salt may contiiin. The results of the assjiy of^the otJior 
components si juld be wilculated on the “ dry ore.” ‘One advanbige 
of this is ohv' ms ; — The dry ore has a constjmt composition, and 
the results of all assays of it* will be the same, no matter when 
mad ; the moi^ture, however, may vaiy from daiy to day, and 
w'ould Ije inOueneed by a passing shower of i^Jiin. It is well to 
limit this vaiialiility to the moisturo by considering it apart, and 
thus avoid ha\ing the percentage, say, of cop|>er rising and falling 
under the influence of the w eather. 

Jn the case of certain salts, hoA'evor, such as soda crystals and 
hydrated sulphate of copper (when these constitute the bulk of 
the substance to be lussayed), it Ls as well to pei'form the aasay 
on the moist, or at any rate air-dried, suhstsmee.* It would 
1)6 equally convenient to calculate on the substance dried at 
loo" 0 .; but in this c^ise it would he w'ell, in Older to avoid 
a somewhat shallow criticism, to replace the term “ moisture” by 
the longer but equivalent phiiuse “ w’aU‘r lost at ioo“ C.” 

Calculation and Statement of Eesults.— Jly far the most 
generally convenient method of stating the nwults of an assay is 
that of the percentage or parts in a hundred, and to avoid a 
needlessly troublesome calculation it is well to take such a quantity 
of ore for each assay as by a simple multipliciition will yield the 
percentage. In these calculations decimals ore frc^ely employed, 
and students should make themselves familiar with the methods 
of using them. 

Other methods of statement are in use, and have advantages 
in certain sf)ecial cases. With bullion the parts in a thousand 
are given, and in those cases in which the percentage is very 
small, as in water analysis, it is convenient to report on parts 
in 100,000. or even on parts per i, 000,000. The.se are easily 
got from the corresponding percentages by shifting the decimal 
point one, three, or four places to the right. Thus 92.5 percent. 
IB 925 per thousand ; and 0.0036 per cqpt. is 3.6 per 100,000, 
or 36 per million. 

^ With ores of tin, silver, and gold, the result is stated as so many 
owts., Ibe., or ozs., in the ton. With dressed till ores as they are 

• « 

* Such substances are best dried by pressing between fo^ds of dry 
fil|»r*papei. 
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pout fco th<j sineltor, feie produce is given in cuts, and quarters 

1.0 the t(ui. The tx)rfospoiidin" pcns iiluge may be obtained oy 
multiplying by five ; oi-, invf‘rsely, if the percertiige is given, the 
produce may 1*0 got liy divining by five. A ju'oduce of 13J equuis 
:i percentage of ^3.5 x 5 - by. 5 ; and a percenhago of 70.0 equals a 
produce of 7o-r5^?:i4. Witi. tin ores as raided (in which the 
[)erceiilage is Muall) the iiMUiction must l)e carried to pounds per 
ton# One p('r cent, equal; 22.4 !hs. to the tor ; consequently, if 
we m\dti|«’y the percentage l-y 22.4, vhe produce will he given. 
Thus, if an rire*contJiius 6.7 per cent, of oxide of tin, the produco 
is 6.7 X 22.4- J 50 ]h.s. (or I cwt., i quarter, and 10 lbs.) to the 
ton. With gold and silvtT ores, the*p](*portimi of precious nictnl 
is .small, and it is necessiiy to carry the reduction to ozs, and 
dwts. to (be ton ; and since gold iind silver are sold by troy 
weight, whilst the ton is avoirdupois, it i.s of impoitanec to 
remembci' tliat the ounces in the two .^y^tems are not the same. 
A ton contains 15,680,000 grains, which equal 653,333.3 dwts. 
or 32,666.6 ozs. (troy). -The following rules are useful : — 

'i'o gel ozs. (troy) jter ton, limit i ply parts per 100,000 by 0.327 ; 

To get dwts. p'-r ton, jiultiply parts per 100,000 by 6.53 ; 

To got grains per ton, ni'diiply parts per 100,000 by 156.8. 

Whei’o liquids are l*eii’.g assayed, cubic centimetres are held to 
bo equivalent to grams, and ‘:be usual method of statement is, 
“ so many parts by weight in so many by measure." Where the 
statement is made as grams per litre or giains per gallon, there 
can be no doubt as to \Uiat is meant; and even if it he expimsod 
in parts per 100,000, parts by weight in a measured volume must 
be understood unless the contrary '.s exprcs^ly stated. 

In some cases, where the density of the solution difiers greatly 
from that of water, the perc*entago by weiglit may be given ; and 
in otliei*s, mixtures of two or more liquids, the percentages may 
be given by volume or by weight; as so many c.c. in 100 c.c., or 
aa so many grams in 100 gi’ams, or even as so many grams in 
100 C.C. In such cases it must be distinctly sliow^n which method 
of statement is adopted. 

One grain per gallon means i grain in 70,000 grain-measures, 
or one |iart in 70,000. Dividing by 7 and multiplying by 10 
will convert grains per gallon into part - per 100.000. " Inversely, 
dividing by 10 and multiplying by 7, will convert parts per 

100.000 into grains per gallon. 

Grams per litre ai’e parts per 1000 ; multiplying by 100 will give 
parts per 100,000, and multiplying by 70 will give grains per gallon, 

Among foreign* systems of weights, the Fivnch is by far thl 
best. Ivilogramsf (2.205 P®** quintal (220 5 lbs.) are parts 

centr; and gi-ams (15.43 grs.) per quintal are parts per 
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1^0,000. From ^ho rule aJmady gheii, grains per ^jaintal may 
be converted ini ounces to the ton by multiplying by 0.327. 

The German Ic'.bs per centner (J oz. (avoirdupois) to 100 lbs.) 
effjual parts per 320c , they arc coiivei-ted into parts per cent, by 
dividing by 32, or into ounces (troy) [MJr ton by multiplying by 
ro.2o8. 

In the Uiiitod States, as a soil; of compromise betwecn^tlie 
A\«)irdupois and metric systems, a ton is taken as^zooo lbs. 
Tliere, too, t’.ie ciistum is adopted of rcpmiing the^gold and silver 
contents ef an ore as so many dollars and cents to the ton. In 
Iho case or gold, an ounce, is considered to bo worth 20.6718 
dollars. With silver, the ‘mminal value is 1.2929 dollars per 
ounce, but frctpiently in assay reports it is taken as one dollar. 
The practice is objectionnhlo.* The prices of metals vary with the 
ductuations of tlio market., and df the ossaver fixed the price, 
the dtde of his report w’ould be all iuijjortaiit ; if, on the other 
hand, he takes a fixed price whibli does not at all times agree 
with the maikot one, it leaves a path open for the deception of 
those unacquainted with the custom. American “ dollai'S on the 
ton of 2000 lbs.” ujay he converted into “ ounces in the ton of 
2240 lbs.” by dividing by 1.1544 in the case of silv'or, and by 
18.457 in the cawe of gold. 

Laboratory Books and Report Forms.— The record which 
the assayer makes of liis work must bo clear and neat, so that 
reference, even after an interval of ycai'S, shouhl be certain and 
easy. One method should be adopted and adJiered to. Where 
thei*e are a hirge number of samples, three k;oks are required. 

Book . — This contains particulars of the samples (marks, 
Ac.), which are entered by the office-clerk as they amve. He at 
the same time puts on each sample the distinguishing number. 

Example of Page of Sample Book. 


Date. 

Nutnlicr. 

Sample. 

Hcmarki. 

1 ' eb. 1 

482 

Tough Copper 

For Arsenic. 

» 9 

X 

Piece of Metal 

For Isi and Cu. 

f1 * 

483 

Tougli Copper. 

With Letter. 

H 

73 

Silver Precipitate, 

4 ciifiks, 24 cwt. t qr. . 


494 

Purjjle Ore, 200 ton#. 

From Corsica. 


I J.T. 

Lead Ore, i J.T. . 

-• 

2 J.T. 

„ 2 J.T. 1 



Laboratory Book. This is the Assayer's note-bdbk, in which he 
inters clearly the particulars of his work — the results obtained^ as 
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well as how these result were arrived at. The calculations shoul^ 
be done on ficrap-paper, and should not l>e entered, although, of 
course, detail enough must be shown to enable the results to be ro' 
calculated. * 


Example or Page or Laboratobt Book. 


V 

Purple Ore 
19/10/99 • 

0.0042 gnn. 
aoo2i H 

5 grams 

Colorimetric 0.0063 x tb 

*s 0.137, Copper 

482 

Tough Copper 
Feb. 1/89 

• 

ro.$ c.o. Uranium. 

10 grams 

■s 0.527, Arsenic 

2082 

Tough Copper 

12.7 c.c. Uranium. 

10 grams 

■ 0,63*/, Airsenic 

491 

Tough Copper 
Feb. 1/89 

13.7 o c. Titanium. 

10 grams 

■ 0 . 687 , Arsenic 

Standard of Uranium aoetata 

ai50gram As, 0 , =: 23.3 c.c. Uranium 

100 00. Uranium s a5 gram As. 

10071 

Tin Ore 

Feb. 3/89 

Cruc. and SnO, 9.6065 gnna. 
Crua and Asb 9.4235 „ 

5 grams 


SnO, =0.1830 

» 2.887, Tin 


Thi Auay Booh . — This is the Official book, and is a combination 
of the Sample and lAiboratoiy books. It corresponds with the 
report-ferms. Without being loaded with detail, it should contajfi 
luffident to characterise each sample. 
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£a .MPLS OF Page of Assay Book. 


e 






H 


— 







M 




DleCBIPTIOH OF Sajipli. 



H 

- • 


d 







d 

Amhit ov thi D»t 

M H 







A 

‘lATIBlab 

n ° 










D)te. 

Materiel. 


Weight. 


M 

k 





tons 

cwt. 

qra. 

Ibe. 


• 


Feb.’i 

TouRh O' copper 





48a ... 

Arsenic, asa®/# 

7 


TourK cake cupper 





..'uSa ... 

Arsenic, 0.63% 

7 

•* 

TouRh cake ooitper 





491 ... 

Arsenic, o.68°/d 

7 

Feb. a 

Nickel diic for C.B. 




... 

X : ... 

Copper, 7375 

Nickel, 24.34 

7 







1 

Iron, a.i8 

... 







! 

100.37 


H 

Silrcr precipitate, 


«4 

I 

o 

73 Not 




4 caaka 





dot. 

Silver, 4.851 

Gold, 0.0315 

l»cail, 19.37 

Zinc, 2.00 

10 








Silver, 1584.7 ozi. per ton 
Gold, 7.0 ozs. per ton 



Purple ore 

300 



... 

494 Not 
dct. 

Copper, o.T3“/o 
Sulphur, .0.1 57 o 
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When the number of Kimples is small, the Sample Book may he 
omitted, and the entries made in the Assay Book as the samples 
anive. 

Report-forma. These should entail as little writing as possible in 
making out the report. For general purposes the form given 
on p. 12 is useful. 

The quantity of substance to be taken for any particular 
assay depends largely upon the method of assay adopted. There 
are, however, some general considerations which should be remem- 
bered, and some devices for simplifying the calculations which 
should be discussed. 

The smaller the percentage of the substance to be determined, 
the larger should be the amount of the ore taken. The following 
table will give a general idea as to this > 


rwcentage oftho Bab^tau•• 
to M determined. 
100-10 
lO-S 

5 “i 

I-O.I 

ai-o.oi 


Amount of ore, Ac., to 
be weiKbed. 

, I gram. 

2 grams. 

5 » 

10 ^ 

• 20 ^ 


The rougher the method of assay adopted, the larger sUbuld^be 
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tUb quantity of ere taken. If the degree ef accuracy attainable 
with the methods and instruments at the assayer s service is 
l^iown, it is easy to calculate what quantity should be taken for 
any particular case. If the results ai*e good within o.ooi gram, 
then, taking i gram of ore we am report within o.i per cent., or 
if they are good within 0.0002 gram, taking 20 giums of ore, we 
can report within i part per 100,000, or very closely williin 
6 J d^vt. to the ton. * If it is wished to be yet more particular in 
reporting. la*gcr quantities must be taken. Hie didiculty of 
manipulating very small or very large precipitates, (kc., must be 
borne in mind. So, too, muWi the fact that the greater the weight 
of tlie ilnal product of an assiiy, the les.s, as a rule, is the percent- 
age error. The dLstin(ition bqtw'een aKsolute and peT-centage error, 
often overlooked, is important. If 0.5 gram of silver cupelled 
with 20 grams of load, there may be obtjiinad a button of 0.495 
gram ; the absolute loss is 0.005 i-his equals i per cent, 

of the silver present. Similarly, cupelling o.i gram, the lusulting 
button may bo 0.098 ; the absolute loss is only 0.002 gium, but this 
equals 2 per cent, of tho silver present. In the same way the 
student should see that the two re.sults, 91.5 per cent, and 92.0 
per cent., are railly more Goncoi*dant than the results 9.1 per cent, 
and 9.2 per cent. 

A device often adopted in practice where a large numl^er of 
assays of one kind are made, and the report is given as so many 
ounces or pounds to the ton, is that known os the assay ton. The 
assay ton may be any arbitrary and convenient weight, but its 
subdivisions must bear to it the same relations as pounds and 
ounces bear to tlie actual ton. On the other hand, in a labora- 
toiy where many kinds of work are performed, difTerent sets of 
weights of this kind would only tend to confusion, even if they 
were not unnecessary. With a set of gitim weights and its sub- 
divisions anything may be done. If it is desired to report as 
pounds to the ton, then, since there are 2240 lbs. to the ton, a 
weight of 2.240 grams may be token as the assay ton, and each 
O.OOI gram yielded will equal i lb., or 22.4 grams may represent 
the ton, and each 0.01 gium a pound. Similarly, since there are 
32,666.6i)z& troy to the ton; if we take 32.6667 grams as the 
assay ton, each 0.001 gram will equal i oz. to the ton. In some 
cases it may be convenient to have, in addition to the usual gram 
weights, one or other of the “ assay tons ” ■-mentioned nlx)ve, but 
generally it is better to work on a purely decimal system, and 
oqiivert when required into ounces per ton, jeither hyk actual 
calculation or bv referenoa to a sat of taUes. 
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Pbaottoal Exeboibsa 

The ftudent shoald practise such calculations as the following 

1. Calculate the percentages in the foUowing cases • 

(a) Ore taken, 2 grams ; copper found, 0.2155. 

(b) „ 1.5 gram ; iron found, 0.834a 

« (c) „ 30 grains ; lead found, 23.2. 

2. Calcuhte the parts per thousand in the following 

(o) lidllion taken, i.i gram; silver found, 1.017. 

(b) „ 1.14 gram ; silver found, 1.026. 

(c) „ 0.6 gram ; gold found, 0.550a 

3. Calculate parts per 100,000 in the following 

{a) Ore taken, 20 grams ; silver found, 0.0075, 

[b) „ 50 grams ; gold found, 0.0026. 

(c) Water taken, 500 c.c. ; solids found, 0.1205. 

4. Calculate cwts. to the ton in the folk wing 

(а) Ore taken, 5 grams ; tin formd, 2.816. 

(б) „ 5 grams ; \in io and, 3. 128. 

(c) An ore with 68.2 per cent, of tin. 

5. Calculate lbs. to the ton in the folio xdng 

(a) An ore with jg28 per cent, oxide of tin. 
ib) Ore taken, 20 grams ; oxid boC tin found, i.6y* 

6. Calculate ozs. (troy) to the ton in th t following :~ 

(a) Ore taken, 50 grams ; gold found, 0.0035. 

{h) „ 20 grams ; silw f found, 0.0287. 

\c) „ 25 grams ; silvf g found, 0.0164. 

7. Calculate in grains per gallon 

(a) 0.51 gram per litre. 

\h) 24.6 parts per 100,000. 

(e) Solution t^en, 100 c.c. ; copper found, 0.0045 gnuA 

(d) „ 50 c.a ; iron found, 0.165 gram. 

8 . Convert into ozs. (troy) per ton 

(а) 7 loths per centner. 

(б) 30 grams per quintal. 

(c) 1$ parts per loo^ooa 
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CHAPTER n. 

METHODC OF ASSAYINO.— DEV OBAVIMETBIO* 
HfiTHOBS. 


Tim methoik of assaying are liest classed under two heads, Gravi- 
motrio and Volumetric in the former of which the final rJX 

if tliey are measured. A commoner 

and older division is expressed in tlie terms much used in practice 
—wet a.s.^ays and dry assays. Wet assays include all those in 
which solvents, etc. (hqmd at the ordinary temperature) are 

"'I'ich solid re agents are 
almost exclusively employed. Diy a-ssays form a branch of gra^ 
metne woik, and we shall include under this head all those 
lUwsays requinng the help of a wind furnace. Wet assays, as 
generally understood, would include not only those whidi we 
class as wet gravimetric assays, but also all the volumetric 
processes. 

GranmeMc Uethode aim at the separation of the substance 
from the other matters present in the ore, so that it may be 
weighed; and, therefore, they must yield the wheit of the sub- 
stanw m a pure state. It is not necessary that a metal should be 
we^hed as metal ; it may be weighed in the form of a compound 
of definite ^d well known composition. For example, onepart 
by weight of alvw chlonde contains (and, if pure, always contS) 
0.7527 part of silver ; and a quantity of this metal can he as exactly 
detemmed hy weighing it as chloride as by weighing it in the 
metallic state. But in either case the metal or its chloride must 
be pure. ” 

Exact purity and complete separation are not eaaly obtained ; 
tod n^tbods Me u^d which are defective in one or both of these 
^pects. It IS well to note that an impure product increases the 
^ult, whilst a loss of the substance decreases it ; so that if both 
defects in a process they tend to neutralise each other. Of 
^ methods generally, it may be said that they neither give the 
f substooe nor give it pure* so tha* they are only 
oalculated to show the amount of metaJ that can be extras on 
t m^ufactunng scaJe, and not the actual quantity of it preeei^. 
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Their deterrainotiona* are geuorally rough and always low. f he 
gold and silver d(‘terminations, however, will compare very 
favourahly with any of tlio other processes for the estimation ‘of 
thase metals in their ores. 

The calciilnlion of the results of a gravimetric assay h/is already 
been referro<l to. If the result Is to he stated as percentage, it 
mify always bo done by the fcllowiiig Multiply the weight 

of the got hy the percentuge of metal it coutainSy aud 

divide hy the weight (f ore taken. 

Gravimetric mctliods are divided into three groups: (i) me- 
chanical separations ; (2) dry mol hods; and {3) wot methods. 

Mechanical Separations. — Under this hwid are classed the 
method of a^ssivying tin ores, known as vanning, and the amalga- 
mation assay for gold. A .set of sieves to detei niine tlie relative 
proportion of j)o\v(lers of (lihorent degims of lineii'jss is sometimes 
ustiful. A set* with lo, 20, 40^ud 80 meshes to the inch is con- 
venient. 

Dry Assays.— An im])ortant distinction between wet and dry 
methods of assaying is, tb||^ in the former tlie substiince is got 
into the liquid shite by Solution, whilsc in tlie latter fusion is 
taken adv.antjtge of. 

The diflereneo l»eLween solution and fusion is easily illustnited : 
a lump of sugar boated over a candle-dame melts or fuses ; sus- 
pended in water it dissolves. Many substances which ai‘o insolu- 
ble or infusible of themselves, become soluble or fusible when 
mixed with cei'tain other's ; thus, in this way, solution is got with 
the aid of reagents, and fusion with the help of fluxes. For ex- 
ample, lead is insoluble in water, but if nitric acid be added, the 
metal rapidly dis'ippeai*s. It is convenient, but somewhat in- 
accurate, to say that the acid dissolves the lead. If the lead be 
acted on by nitric! acid alone, without water, it is converted into a 
white powder, which does not dissolve until water is added ; in 
this case it is obvious that the water is the solvent. The function 
of tlie acid is to convert the lead into a soluble compound. • 

Fluxes may act as true solvents. Fused carbonate of soda 
dissolves luiric carbonate, and perhaps in many slags true solu- 
tion occurs ; but in the great majority of cases a flux is a solid 
reagent added for the purpose of forming a fusible oompound with 
the earthy or stony minei-ids of the ore. Few of the minerals 
which occur in the gilngue of an oi’e are fusible ; and still fewer 
are suffideutly fusible for the purposes of the aasayer, conse- 
quently the subject is one of importance, and it ought to^be 
treated on cbepfiical pfinciples. An idea of the composition ol 
some pf the more frequently occurring rocks may be gathored 
ftoni the^ollQwing table, which represents rough averages 
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Silica. 

Alumina. 

Oxide of 
iron. 

Lime atid 
lua^ieHia. 

Alkalieii. 

Sandstone, grit, quartz- 

7. 

7. 

7. 

•/. 

7. 

ite, &c 

Gmuite, gneiss, quart z- 


— 

— 

— 

— * 

porphyry, fire-clay, S.c. 

70-75 

13-20 

a 

2 

t 

» 

s-^ 

LebN in fire- 
fifty. 

Mica-schist 

65 

fS 

5 

3 

3 

Trachyte, syenite . . . 

Oo 

17 

7 

4-7 

6-9 

Glay-slato 

6o’ 

18 

10 

i ^ 

3 


54 

17 

U2 

9 

3-4 

Hornblende-rock . . . 

5u 

iS 

15 


3-4 

Brick-clay 

50- 

34 

8 



China-clay 

47 

39 

— 


_ 

Itosalt, dolcritc, &c. . . 

50 

*5 

IS 

16 

3 

Serpentine 

Chalk, limestone, dolo- 

44 

• 


44 


mite, &c 

— 

— 

— 

45-55 

— 


Silica itself, and the silicates of alumina, of lime, and of ma;^- 
nesia, are practically infusible ; the silicates of soda, of potash, 
and of iron are easily fusible if the base (soda, potash, or oxide of 
iron) be present in sufficient quantity, and if, in the case of the 
iron, it is present mainly as lower oxide (feiTOus silicate). The 
addition of lime, oxide of iron, or alkali to silicate of dumina 
results in the formation of a double silicate of alumina and lime, 
or of alumina and iron, <fec., all of which are easily fusible. 
Similarly, if to a silicate of lime we add oxide of iron, or soda, or 
even alumina, a fusible double silicate will be formed. Thus lime, 
soda, oxide of iron, and clay, are jlv>xe8 when properly used ; but 
since lime, clay (and oxide of iron if there be any tendency to 
form peroxide), are of themselves infusible, any excess of these 
fluxes would tend to stiffen and render pasty the resulting slag. 

t<w, soda, which is a very strong base, may act prejudimlly if 
it be in sufficient excess to set free notable quantities of lime and 
magnesia, which but for that excess would exist in combination 
as complex fq^ible silicates. There are many minerals which with 
but little soda form a glass, but with more yield a lumpy scoria- 
cioiw mass. There are many minerals, too, which ai‘e already 
b^c (for example, calcite), and which, when present, demanc 
either a less basic or an acid flux according to the proportions in 
wl^ch they exist. For purposes of this kind borax, or gl^, or 
clay with more or less soda may be used, and of these borax is by 
far the most generally useful. An objection to w basic a slag 
(an^ a very important one) is the speed with which it corrodes 
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ordinary crucibles. \’hese crucibles, consisting of quartz and duty, 
are rapidly attacked by lime, soda and bases generally. 

In considering >vbat is and what is not a good slog, certajp 
chemical properties are of importance. If a mixture of many 
substknces be fused and allowed to solidify in a crucible, there 
^ ^ will be found some or all of the fol- 

I V ' J -L-Fujm lowing. At the bottom of the crucible 

(fig. 4) a button of metal, resting on 
this a speise ; then a regulus, next a 
slag made up of silicates and borates 
and metfJlic oxides, and lastly, on the 
top another layer of slag, mainly made 
up of fusible chlorides and sulphates. 
In assaying operations the object is generally to concentrate the 
metal sought for in a button of metal, speise or regulus, and to 
leave the earthy and other impurities as far as possible in the 
slag \ whether there be nne or wo layers of slag is a matter of 
indifierence ; * but the chemical action of the lower layer upon the 
speise, or regulus, or metaJj^ of great importance. 

A regvlus is a compound^f one or more of the metals with 
sulphur j it is usually brittle, often crystalline, and of a dull 
somewhat greasy lusti*e. It is essential that the slag, when solid, 
shall be so much more brittle than the regulus, that it shall be 
easy to crumble, and remove it without breaking the latter ; and 
it must not be basic. Thfi effect of fusing a regulus with a basic 
slag is well seen when sulphide of lead is fused with carbonate of 
soda ; the result is a button of meta^ (more or less pure), and a 
slag containing 8ul])hides of lead and sodium ; and again, if sul- 
phide of lead be fused with an excess of oxide of lead, a button 
of lead will be got, and a slag which is simply oxide of lead (with 
whatever it may have taken up from the crucible), or if a suffici- 
ent excess has not been used, oxide of lead mixed with some sul- 
phide. When (as is most frequently the case) the desire is to 
prevent the formation of regulus, these reactions may be taken 
advantage of, but otherwise the use of a flux having any such ten- 
dency must be avoided. A good slag (from which a regulus may 
be ea^y separated) may be obtained by fusing, Bay,^ 20 grams of 
ore.with borax 15 grams, powdered glass 15 grams, fluor spar, 
20 grams, and lime 20 grams ; by quenching the slag in water 
Bs soon as it has solidified, it is rendered very brittle. 

Sulphide of iron formed during an assay will remain diffused 

* Thdre is an exception to this, as when the slag is liable to be aoted^i 
when exposed to the air add to the gases of the Jurhace. In this case a 
layer of^used common salt floating on the slag, sols to protect It from the 
air,^d nueace gases, is a distinct advantage. 
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through thfi sk,;, instead of fusing into a ’jutton of regulus, if the 
slag contain siilpliide of sodium. The same is true of other sul- 
phides if not present in too great a quantity, and if the tempera- 
*ture is not too high. 

Spems are compounds of a metal or metals with arsenia 
Tliey are chiefly of interest in the metalhngy of nickel, cobalt, 
and tin. They are formed by heating the metal or ore in covered 
crucibles with arsenic and, if necessary, a reducing agent. •The 
product is f jsed with more arsenic under a slag. qpnsiiAing mainly 
of borax lliey are very fusible, biittle compounds. On expo- 
sure to the air at a red heat the arsenic and the metal simul- 
taneously oxidize. When iron, cobalt, nickel, and copper are 
present in the same speise, they are eliminated in the order 
mentioned. • 

Slags from which metals are to be separated should not be 
too acid ; at least, in those cases in which the metal Ls to be 
reduced from a compound, os, well as separated from earthy 
impurities. Where the object is simply to get a button of metal 
from a substance in which it is already in the metallic state, but 
mixed with dross (made up of metallic oxides, such as those of 
zinc or iron), from which it is desired to separate it, an acid flux 
like borax is best ; or, if the metal is ensily fusible, and there 
would be danger of loss of metal by oxidation or volatilising, it 
may be melted under a layer of resin or fat. Common salt is 
sometimes used with a similar object, and is often useful. Under 
ceitain conditions, however, it has a tendency to cause the for- 
mation of volatile chlorides with a consequent loss of metal. 

In the great majority of cases, the fusion of the metal is 
accompanied by reduction from the state of oxide ; in these the 
slag should be basic. It is not easy to reduce the whole of a 
reducible oxide (say oxide of copper or of iron) from a slag in which 
it exists as a borate or silicate ; there should be at least enough 
soda present to liberate it. When the object is to separate 
one metal, say copper, without reducing an unnecessary amount 
of another (iron) at the same time, a slag with a good deal of 
borax is a distinct advantage. The slag then will probably not be 
free from copper, so that it will be necessary to powder and mix 
the slag with some soda and a reducing agent, and to again fuse 
the slag in order to separate this residual metal. In all those 
cases in which the slag retains an oxide of a heavy metal, this 
cleaning of the slag is advisable, and id the case of rich ores 
necessary. Slags containing sulphides are especially apt to retain 
Ihe more easily reducible metals. • 

The following are the ordinary and mbst use&il fluxes : — 

Soda. — The powdered bicarbonate, sold by druggists^ “ car* 
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bonate of Boda/’ is ggneraily used. It gives off its water an4 
excess of carbonic acid readily and without fusion. Where the 
melting down is performed rapidly, the escaping gas is apt to 
cause trouble by frothing, and so causing waste of the material! 
Ordinary carbonate of soda, when hydrated (soda crystals), melts 
easily, and gives off its water with ebullition. It is unfit for use 
in assaying, but when dried it can be used instead of the bicar- 
bonate. pne part of the dried carbonate is equivalent to rather 
more than one^and a half parts of the bicarbonate. From Uvo 
to four parts of the flux are amply sufficient to yield a fluid slag 
with one part of earthy matter. Tlvs statement is also true of 
the fluxes which follow. 

Borax is a hydrated biborate of soda, containing nearly half its 
weight of water. When heated it swells up, loses its water, and 
fiLsos into a ghiss. The swelling up may bwome a source of loss 
in the assay by pushing some of the contents out of the crucible. 
To avoid this, fused or dried b(frax may be used, in which case a 
little more than half the amount of borax indicated will suffice. 
Borax will flux almost anything, but it is especially valuable in 
fluxing Ume, <fec., and metrtific oxides ; as also in those cases in 
wliicli it is desired to keep ceitaiu of the latter in the slag and out 
of the button of metal. 

Oxide of Load, in the form of red lead or litharge, is a valu- 
able flux ; it e.asily dissolves those metallic oxides which are either 
infusible or difficultly fusible of themselves, such as oxides of iron 
or copper. The resulting slag is strongly baisic and very corrosive ; 
no crucible will long withstand the attack of a fused mixture of 
oxides of lead and copper. With silicates, also, it forms very 
fusible double silicates ; but in the absence of silicates and 
borates it h^is no action upon lime or magnesia. Whether the 
load bo addod^as litharge or as red lead, it will exist in the slag as 
monoxide (litharge) ; the excess of oxygen of the red lead is thus 
available for oxidising purposes. If this oxidising power is pre- 
judicial, it may be neutralised by mixing the red lead with i per 
cent, of charcoal. 

Qlass : broken beakers and flasks, cleaned, dried, and powdered 
will do. It should be free from lead. 

Flluor: fluor-spar as free as possible from other minerals, 
powdered. It helps to flux phospl^te of lime, dec., and infusible 
silicates. 

Lime : should be fresh and powdered. It must not be slaked. 
Powdered white msirble (carbonate of lime) wiU do ; bat nearly 
double the quantity mu^ be taken. One part of lime prodoodii 
the same effect a^' i.8 poi^ of the carbonate if lime. 

TarUbT ^d black flux ” are reducing agents as well as Autm 
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The “ black dus^,'’ which may be obtained heating tartar, is a 
mixture of carbonate of potash and charcoal. 

• Heducifo Aoenit. — The distinction between reducing agents 
and fluxes (too often ignored) is an important one. Fluxes yield 
slags ; reducing agents give buttons of regulus or of metal. The 
action of a r^ucing agent is the separaticvu of the oxygen or 
sulphur from the metal with which it is combined. For exaim>le, 
the mineral anglesite (lead sulphate^ is a compound of le|d, sulphur, 
and oxygen , by barcfully heating it with charcotd the oxygen is 
taken away by the charcoal, and a regulus of lead sulphide 
remains, if the regulus then fused with metallic iron the 
sulphur is removed by the iron, and metallic lead is left. The 
charcoal and the iron are reducing agents. But in defining a 
reducing agent as one whicfi removes oxygen, or sulphur, from a 
metallic compound so as to set the metal free, it must be re- 
membered that sulphur itself will reduce metallic lead from fused 
litharge, and that oxygen will siifiilarly set free the metal in fused 
lead sulphide. There is no impropriety in describing sulphur as 
a reducing agent; but it is absurd to call oxygen one. Some 
confusion will be avoided if these substances and those which 
are opposite to them in property be classed as oxidising and de- 
oxidising, sulphurising, and de-sulphurising agents. Most ozidW' 
ing agents alro act as de-sulphutisers. 

The de-oxidiaing agents most in use are the following : — 

Chardoed. — Powdered wood charcoal ; it contains more or less 
hygroscopic moisture and about 3 or 4 per cent, of ash. The rest 
may be considered carbon. Carbon heated with metallic oxides 
takes the oxygen ; at low temperatures it forms carbon dioxide, 
and at higher ones, carbon monoxide. Other conditions besides 
that of temperature have an influence in producing these results ; 
and as the quantity of charcoal required to complete a definite 
reaction varies with these, it should be calculated from the 
results of immediate experience rather than from theoretical 
considerations. 

Flour. — Ordinary wheat flour is convenient in use. On being 
heated it gives oflf inflammable gases which have a certain re- 
ducing eflTcjpt, and a residue of finely divided carbon is left. It is 
likely to vary in the quantity of moisture it contains. Two port? 
of flour should be used where one part of charcoal would be other 
wise required. • 

Tartar. — This is crude hydric potassic tartrate ; the purified 
l^t, cream of tartar, may be used. On being heated it dves off 
inflammable gases, and leaves a residue formed of ^potassic 
carbonate mixed with finely divided carbon. Five parts m tartar 
should be used in the place of one of charcoal. 
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Anthracite or Culin is a kind of coal containing 90 per cent, 
or more of carbon. It gives off no inflammable gas. It is denser, 
and takes longer in burning, than charcoal. Its reducing effe(^ 
is little inferior to that of cliarcoal. Almost anj organic 8ul> 
stance can be used as a reducing agent, but it is well not to select 
one which melts, swells up, or gives off much water and gas when 
heifted in the fiumace. 

Potasaic C:^anide is an easily fusible and somewhat volatile 
salt, which, when fused, readily removes oxygen and sulphur from 
metallic compounds, and forms potossic cyanate or sulphocyanate 
as the case may be. Commercial srfiuples vary much in purity ; 
some contain less than 50 per cent, of the salt. For assaying, 
only the better qualities should be uped. 

Iron is a de-sulphurising rather than a de-oxidising agent. 
Iron is used in the form of rods, ^-inch in diameter, or of nails, 
or of hoop iron. In the last case it should be thin enough to be 
bent without difficulty. Wrought iron crucibles are very useful 
in the processes required for making galena assays. 

The chief oxidising ageinffi {which are also de-sidphurisers) are 
the following : — 

Nitre, or Potassic Nitrate. — ^This salt fuses very easily to 
a watery liquid. It oxidises most combustible substonces with 
deflagration, and thereby converts sulphides into sulphates, 
arsenides into arsenates,, and most metals into oxides. In the 
presence of strong bases, such as soda, the whole of the sulphur 
is fully oxidised; but in many cases some arsenic is apt to 
escape, and to give rise to a peculiar garlic-like odour. The 
sulphates of so^ and potash are thus formed, and float as a 
watery liquid on the surface of the slag. 

Bed lead is an oxide of lead. About one-quarter of its oxy- 
gen is veiy loosely held, and, hence, is available for oxidising pur- 
poses, without any separation of metallic lead. The rest of the 
oxygen is also available ; but for each part of oxygen given off, 
about 1 5 parts of metallic lead are deposited. In silver assays this 
power of readily giving up oxygen is made use of. The residual 
oxide (litharge) acts as a flux. 

Hot air is the oxidising agent in roasting oper^tionB. The 
eul})hur and arsenic of such minerals as mispidkel and pyrites are 
oxidised by the hot air and pass off as sulphur dioxide and white 
arsenic.” The metals generally remain in the form of oxide, mixed 
with more or less sdphate and arsenate. The residue may 
remain^as a powdery substance (a calx), in which case the proc€|8 
of roasting is teamed calcination ; or it mi^ be a pasty mass or 
liquid. .^In the calcination of somewhat fusible minerals, the 
xoa<tting ^ould be done at a low temperature to avoid clotting ; 
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araenio and sulpl: it being with difficulty bun off from the clotted 
mineral. A low temperature, however, favours the formation of 
sulphates ; and these (if not removed) would reappear in a subse- 
quent reduction as sulphides. These sulphates may l)e decomposed 
by a higher temperature towards the end of the operation ; their 
removal is rendered more ceitain by rubbir g up the calx with 
some culm and re-roasting, or by strongly heating the calx after the 
addition of solid ainmoiiie carbonate. In rojusting operationsf as 
large a surbicj of the substance as possible shotild bg expftsed to the 
air. If dono in a crucible, the crucible should be of the Cornish 
type, short and open, not Jong and narrow. For calcinations. 
Toasting dishes are useful : thhse are broad and shallow, not unlike 
saucers, but unglazed. In those cases in which the pn)ductB of 
the roasting are liquid at the*temperature used, a scirnffr (fig, 38) 
is suitjible if it is desired to keep the liquid ; but if the liquid is best 
drained off as quickly as it is formed, a mpe(> (fig. 5) should be used. 
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A scoiifier is essentially a roasting dish sufficiently thick to resist, 
for a time, the corrosive action of the fused metallic oxides it is to 
contain. The essential property of a cupel is, that it is sufficiently 
porous to allow the fused oxide to drain into it as fast as it is 
formed. It should be large enough to absorb the w'hole of the 
liquid ; and of course must be made of a material upon which the 
liquid has no corrosive action. Cupels do not bear transport 
well ; hence the assayer generally has to make them, or to super- 
vise their making. A quantity of bone ash is carefully mixed with 
water so that no lumps are formed, and the mixture is then 
worked up by rubbing between the hands. The bone ash is suf- 
ficiently wet when its cohasion is such that it can be pressed into a 
lump, and yet be easily crumbled into powder. Cupel moulds should 
be purchased. They are generally made of turned iron or brass. 
They consUt of three parts (i) a hollow cylinder; (a) a disc of 
metal ; and (3) a piston for compressing the bone ash and shaping 
tlie top of the cupel. The disc forms a false bottom for the 
cylinder. This is put in its place, and the^ cylinder filled (or nearly 
so) with the moistened bone ash. The bone ash is then pressed 
into shape with the piston, and the cupel finished with the help of 
three or four smart blows from a mallet. Before remewing the 
piston, turn it half-way round upon its axis 8§ as to loosen and 
smooth the face of the cupel. . The cupel is got out by paessing up 
* • 
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the disc of metiil forcing the false bottom ; the removal is more 
easily effected if the tfiould is somewhat conicah instead of cyhn- 



Fin. 6. Fin,;. 

drical, in fonn. The cupels ore put in a warm place to dry for two 
or three days. A conveniently sized cupel is inchee in • 



dimetw and about | inch high. The cavity of the cupel is about 
i i]^ deep, And something of the shape shown in fig. 5. 







25 


HETHOI^S OF ASSAYING. 

9 

rhere oro two kinds of furnoces required, the “wind” and 
muffle ” furnaces. These are built of brick, •fire-brick/of course, 
being used for the lining. They are connected with a chimney 
thtft will provide a good draught. Figure 6 shows a section of the 
wind furnace, fig. 7 a section of the muffle furnace, and fig. 8 
a general view of a group comprising a muffle and two wind fur- 
naces suitable for general work. ^W^en in operation, the fur- 
naces are covered with iron-bound tiles. Tbe opening under tJte 
door of the mi^ffle is closed with a loosely fitting bri^k. Che floor 
oLthe muffle is protected with a layer of bone-ash, which absorbs 
any oxide of lead that may be accidentally spilt. The fire bars 
should be easily removable. 

Few tools are wanted ; the most important are some cast-iron 
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moulds, tongs (fig. 9), stirrers for calcining (fig. 10), and light tongs 
of a special form for handling scorifiere and cupels (see Silver). 


Fia. la 

Tlie coke used should be of good quolity; the formation of a 
fused ash (clinker), in any quantity, causes ceaseless trouble, and 
requires frequent removal. The coke should be broken into lumps 
of a uniform size (about 2 in. across) before being brought into the 
office. The furnace should be well packed by stirring, raising the 
coke and not ramming it, and it should bo uniformly heated, not 
hot below and cold above. In lighting a furnace, a start is made 
with wood and charcoal, this readily ignites and sets fire to the 
coke, which of itself does not kindle easily. 

In commencing work, add (if necessary) fresh coke, and mix 
well; make hollows, and into these put old ciiicibles; pack 
around with coke, so that the surface shall be concave, doping 
upwards from the mouths of the crucibles to the sides of the 
.'urnace ; close the furnace, and, when uniformly heated, substitute 
for the empty crucibles those which contain the assays. It is 
rarely advisable to have a very hot fire at first, because with a 
gradual heat the gases and steam quietly e^ape through the un- 
fused mass, while with too strong a heat these might make some 
oftthe matter in the crucible overflow. Moreover, if the heat 
should be too strong at first, the flux might melt smd run to the 
bottom of the crucible, leaving the quaitz, d:c., as a pastji mass 
above; with a gentler heat combination is complete, and the 
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Bubsequor^t fiercer l^eat simply melts the fusible compound into 
homogeneous slag. • 

The fused material may be left in the crucible and separated 
from it by breaking when cold. It is generplly more convenient 
to pour it into cast-iron moulds. These moulds should be dry and 
smooth. They act best when wiU‘ined and oiled or black-leaded. 

Air entering through the fire-bars of a furnace and coming in 
dbntact with hot coke combines with it, forming a very hot mix- 
ture of •carbpnic acid and nitrogen; this ascending, comes in 
contact with more coke, and the carbonic acid is reduced to car- 
bonic oxide ; at the top of the furnace, or in the flue, the carbonic 
oxide meeting fresh air, combines *with the oxygen therein and 
re-forms carbonic acid. In the first and third of these re- 
actions, much boat is evolved ; in the second, the furnace is cooled 
a little. It must always be remembered, that the carbonic oxide 
of the furnace gases is a reducing agent. When these gases are 
likely to exert a prejudicial effect, and a strongly oxidising atmo- 
sphere is required, the work is best done in a mujjlt. 
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CHAPTER m. 

WET GBAVIMETBIC IIETHOD^. 

In dry assays the metal is alm'ost always sepamted and weighed 
as metal ; in wet gravimetric assays the metal is more usually 
weighed in the form of a definite compound of known composi- 
tion. The general methods of working resemble those of ordinary 
chemical analysis, and their successful working is greatly helped 
by a knowledge of, at any rate, those compounds of the metal 
which enable it to be separated, and of those which are the most 
convenient forms in which it can be weighed. But the work of 
the assayer differs from that of the analyst, inasmuch as the bulk 
of his estimations are made upon material of practically the same 
kind, varying only in riclmess ; consequently in assaying, it is 
possible (and necessary) to work on such a definite plan as will 
involve the least amount of labour in weighing and calculating. 

The assayer connected with mining has generally two classes of 
material to deal with : those comparatively rich and those com- 
paratively poor. For example, silver in bullion and in ores; 
copper precipitates or regulus, and copper ores and slags ; and 
“ black tin ” and tin ores. He is only occasionally called on to assay 
the intermediate products. It is indispensable that he should have 
an approximate knowledge of the sul^tance to be determined. 
With new ores this information is best got by a qualitative test- 
ing. Knowing that only certain bodies are present, it is evident 
that the number of separations can be reduced, and that simple 
methods can be devised for arriving at the results sought for. 
The best method is that which involves the least number of 
separations. The reactions must bo sharp and complete, and 
yet not be lia|ple to error under varying conditions. 

To bring the richer and poorer materials under the some condi> 
tions for tha assay, a small weight, say i gram of the richer, 
and a larger weight (5 or 10 grams) of thq poorer, substance is 
weighed up. A method is then adopted which will concentrate 
th^ whole of the metal (either during or after solution) in a produi^ 
wmch need not necessarily be pure. The .work on this product is 
comparatively easy. In separating small quantitils of a substance 
from a large bulk of impurities, ^e group separations mttt not 
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as a rule be too nijich relied on. Very large precipitates carry 
down email quantities of bodies not belonging to the group, more 
especially when there is a tendency to form weak double com- 
pounds. The re-dissolving and re-precipitating of bulky ’pre- 
cipitates should be avoided. 

When a large number of assays of the same kind have to be 
carried out, a plan something like the following is adopted : — ^The 
samples, after having been dried, are placed in order on a table at 
the leu hand of the assayer. He takes the first, marks it with 
a number, samples and weighs up the quantity required, and 
transfers it to a flask, which is similarly mnrkod. As the 
weighings are finished, the samples are placed in the same order 
on his right hand. The assistant takes the flasks in batches of 
four or five at a time to the fume cupboard, where he adds a 
measured quantity of acid. When solution has been efiected, 
dilution with a measured volume is generally necessary. The 
assayer sees to this %nd (whilst the funnels and filters are being 
prepared) makes any separation that is necessary. The filters 
are arranged in order on a rack (fig. ii), and need not be marked 



unless the precipitates or residues have subsequently to be dried. 
The filters are washed with hot water, and if the filtrates are 
wanted flasks are placed beneath, if not, the solution is drained 
off down the sink. Pi'ecipitation or r^uction (or whatever it 
may be) is now made ; the assistant filters the prepared samples, 
one at a time, whilst the assayer is engaged with the others. The 
same style of work is continued until the assays are completed. 
If one ^ould be spoiled, it is better to allow it to ^stand over for 
assaying along with the next batch. If one filt^ slowly or is 
in any way less forward than the rest, it may lessen the 
accuracy of the othqr assays, owing to oxidation, Ac., it should, 
therefore, be put on one side. The assays are dealt with in 
batehes of ten or twenty, so that a large quantity of work can be 
quickly finished. , • 

When the i&says axe fimshed, it is the 'duty ot the asastant to 
deaiF ^e apparatus (with reagents, if neces^), and to ppt 
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vessels in the place set apart for them. F|fusks are best kept 
inverted on a rack, so that th.y may be dry and dean by the 
aeirt morning. Berlin crucibles must be cleaned and ignited. 

Tne amount of apparatus employed should be as little as is 
feasible. The assay should be earned out as much as possible in 
the same flask. The bench must be clean, and altogether free 
from apparatus not in actual use. Crucibles and dishes in which, 
weighings are made should be marked with numbers or (ptters ; 
and their weights recorded, together with the date of weighing, 
in a small ledger, which is kept in the dmwer of the balance. By 
this means a record of the “ wear " of each piece of apparatus is 
obtained, and, what is more important, much weighing is saved, 
and increased confidence is gained. The weight of each piece of 
apparatus need not be taken cfaily. It will be seen from the 
record in the book and a knowledge of the uso it has been put to 
how often a checking of the weight is necessary. The entries ai'e 
made in black lead as follows • 


Dish, A. Feb. 3 

5 

6 
7 


• 9.4210 grams. 

. 94225 
. 9-4250 
. 9.4200 


Platinum vessels and appamtus lose, and porcelain ones slightly 
gain, weight with continued use. 

The spedoJ details of the work is given under each assay; 
certain general instructions will be given here. 

Solution. — It is not always necessary to get the whole of the 
mineral in solution, provided the body sought for is either com- 
pletely dissolved or altogether left in the residue. It is often only 
by a qualitative examination of the solution (or residue, as the 
case may be) that the assayer can satisfy himself that it is free 
from the substance sought. But previous experience with the 
same kind of ore will show to what extent this testing is neces- 
sary. 

Elution is generally best elfected flasks; but where the 
resulting liquid has afterwards to bo evaporated 
to dryness an<H^ted, evaporating dishes (fig. 

12) are used. With them clock glasses are used 
as covers during solution to avoid loss through 
eflervescence. Evaporating dishes are also b^t 
when an insoluble residue has to be collected, 

n it is difficult to wash out most residues from a flask, 
ping occurs less frequently in diehes than in fla^. * 
Ai^ the addition of the add, and nuxing hy^^tation, the 
vessel containing the eahstanoe is heated. This is best doifh on 
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tlie “ hot plate” (%. 13). This consists of a slab of cast iron 
about half or three^iiarters of an inch thick, supported on loose 
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6re bricks, and heated by two or three ring burners (figs. 14 and 
15). The burners are connected to the gas supply by means of 
tubing, to which they are soldered. Flsisks and dishes after 
being put on the plate are not further handled until solution is 
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complete or the evaporation is carried to dryness. The hot plate 
is contained in a cupboard so as to be out of the reach of cold 
draughts. 

The action of the acids and other solvents is described in the 
chapter on Reagents. 

Precipitation.— In precipitating add sufiident of the reagent 
to complete the reaction^. The student must be on his guard 
against adding a very large excess, which is the commoner error. 
In some reactions the finishing point is obvious enough ; either 
UD more precipitate is formed, or a precipitate 'is completely 
dissolved, or some well-marked colour or odour is developed or 
removed. * 

In those coses in which there is no such indication, theoretical 
considerations should keep the use of reagents within reasonable 
limits. The solutions pf the reagents {set Reagemts) are genelfally 
> of five or ten ^r cent, strength. A small excess over that de- 
manttej by theory should be sufficient. 
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Filtration, — Solutions are best filtered hoi whenever the assay 
allows of this being so done. The precipitate should be allowed 
to settle, and the clear liquid decanted on the filter with the aid 
of a glass rod if necessjuy. The filter-paper must not be too 
large, but at the same time it must not be u\ erloaded with the 
precipitate. There should be ample room for washing, p'or 
general use three sizes of filter-paper are sufiicient. Oommoti 
quick filtering-paper (English) is best for most work in assaying. 
The specially prepared paper (Swedish or RhenislI) is used for 
collecting those precipitates which have to be weighed. The 
papers are folded as shown In fig. i6, and should not project 
above the funnel. The filter-paper works better if damped with 
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hot water. In special cases filtering is hastened by means -jf an 
air-pump. The apparatus used consists of a water- jet (fig. 1 7), 
which is connected with the tap, as also with a bottle fitted as 
shown in fig. 18. The pump draws the air out from the bottle, 
and atmospheric pressure forces the liquid through the filter- 
paper. The bottom of the funnel is provided with a platinum 
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eone, which supports the filter-paper, and prevents its breaking. 
The pump is only used in exceptional cases ; nearly all the filtra- 
tions required by the assayer can be made Without it. The usual 
methods of supporting the funnel during filtration are shown in 
fig. 19. Where the ^trate is not wanted, pickle bottler make 
convenient supports. After the precipitate hasrbeen thrown on 
the filter, it is washed. In washing, several washings ^ydth a 
small quantity of water are more ^active than a few with a 
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larger quantity of tlat fluid. The upper edge of the filter-paper 
is speci^ly liable to eFcape complete washing. Excessive washing 
must be avoided ; the point at which the washing is complete 
found by collecting a little of the filtrate and testing it. Tht 
precipitate is removed from the filter-paper for further treatment 
by opening out the paper and by washing the precipitate with a 
jit of water from a wash-bottle into a beaker, or back through 
^he funifel into the flask. In some cases, when tJie precipitate has 
to be dissolve*d in anything in which it is readily soluble, solution is 
effected in the filter itself allowing the liquid to run through as it 
is formed. * 

Drying and Igniting.— Precipitates, as a rule, require drying 
before being ignited. With small precipitates the filter-paper 
may be opened out, and placed on a warm asbestos slab till dry; 
or the funnel and the filter with the precipitate is* placed in a 
warm place, and supported by any con- 
venient means. The heat must nevei 
be sufficient to char the paper. Some 
precipitates must be dried at a tem- 
pemture not higher than loo’O. These 
are placed in the water-oven (fig. 20), 
and, •vhen appai’ently dry, they are 
tjiken from the funnel, placed between 
glasses, and then left in the oven till 
they cease to lose weight. Such pre- 
cipitates are collected on tared filters. 
Those precipitates which will stand a 
higher temperature are dried in the 
hot-air oven at a temperature of from 
120* to 150*. The drying is continued 
until they appear to be free from mois- 
ture, and until the precipitate ceases to 
adhere to the filter. In dr}ing sulphides the heat must not be 
raised to the melting point of sulphur, since, if there is any free 
sulphur present, it fuses and filters through. 

The precipitate, having been dried, is transferred to a watch- 
glass. The filter-paper is opened out over a sheet of note- 
paper, and, with a camel-hair brush, the precipitate is gently 
brought into the glass. Most precipitates come away easily, and 
the transfer can be made without apparent loss. The watch-glass 
is covered by the funnel, and the ffiter-paper (folded into a quad- 
rant) ,hdd by the tweezers and set fire to with the flame qf a 
Bunsen burner^ It is allowed to bum nver the crucible, mto 
which the black bulky ash is allowed to drop, and two or three 
d^ops of gitrio add are then added. The crumble is placed pn a 
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cooled, and treated with any aeid necessary “ 

to convert the small amount of precipitate 
into the state in which it is to bo weighed * 
heated again, and cooled. The main pre-* 
cipitate is transferred to the crucible, and 
the heating repeated very gently at first, 
but more strongly towards the end of the 
operation. It is next placed ia the muflle 
and, af oer two or three minutes at a red heat* 

tSoI allowed to cool in the desic^itor before weighirw. 
line jh for bodiM that will bear a retl heat ; for those comiiun^ 
temperatui-e the heating in the mSfae is 
omitted. The mufiSe used for this purpose must not be used at 
the same time for cupelling ; a gas ^^e (fig. ss)“lh a^Tne of 
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Letcher s, is best. A desiccator (fig. 33) is an air-tight vessel which 
m^t fa of moisture, *0., to the substance, \sually the air 
The means of a basin containing sulphuric^ «id. 

carriwl^^ !i“ ™“oved from the muffle with tte tongs and 
to the desiccator. It is best, in an office, to have flares 
sS***”^ permMently feed alongside the balance, into which ^ 
may be put before being weighed. The substmi» fa 
IIS? or muffle in the smaU hand appaiutna 

gen^y sold, Md earned to the balance room to be trSLd 

roldfafef *° *>««ome thorough^ 
T^f^mmntesfa^enerallytheL. 

JlS *1^°“ ** “ advisable to weigh. Bodies 

““5^ to o(»l m ^e ^ after they have been ignited will absprb 
bo^os Ploood in the balancfpan will diXb 
ue muihbnum and show false results. Compom^ that afasoih 
ofatiM must be weighed quickly; they should, theiefon^bt. 


, TEXT-BOOK OF ISSAYINO. 


34 . 

weighed in covered vessels. Such compounds are detect-ed by 
feheir continually-increasing weight. They should be ignited and 
.veighed again in a well-covered dish. , 

Substances that have been washed with alcohol, ether, or any 
readily volatile liquid are dried in the water oven. They quickly 
dry if there is no water present, and are generally fit for weigh- 
^g in less than one hour. Sometimes drying for a few minutes 
only wSl be sufficient. 

The weight of the crucible and precipitate having been obtained, 
the weight of the crucible and ash is deducted ; for example— 

Crucible .md precipitate . • , , 10.183 grams. 

Crucible und ash . . . • , 9.527 « 


0.656 « 


The weight of the ash is best added to that of the crucible. 
The amount of ash in filter-papers mu.st not be neglected, although 
piipers are now made almost free from iush, and the amount to 
1)0 deducted is found by taking eight or ten papers and burning 
them until they become ji^hite, and then weigliing the ash. The 
amount varies from 0.004 to 0.0005 gram for diflbrent papers. 
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Having determined the ash, place in the 
balanco-dmwer three of the filter-papers pinned 
together, witli the weights marked on them in 
the way shown in fig. 24, so as to he readily 
seen when there is occasion to refer to them. 

It must be remembered that the determination 
of small quantitias of sub.stances generally involves 
the use of reagents which are often contami- 
nated, as an impurity, with the body sought for. 


Ilius, in assapng silver, the oxide of lead or metallic lead used is 
rarely free from silver ; and in the wise of arsenic, the acids, zinc or 
ferric chloride are sure to contain arsenic. The same observation 


applies to the precipitation of lead by zinc, (he. The errors caused 
by these impurities ai^ more marked in the determination of 
material having small quantities of metal than in that of ores 
which contain larger quantities. Errors of this kind are counter- 
acted or neutralised by “blank” or “ blind” •determinations. 
These consist in coirying out by the side of and during the assay a 
duplicate experiment with the reagents only, which are thereby 
subjected to the same processes of solution, evaporation, filtration, 
fui. The final result thus obtained is deducted from that given 
by*the assay, the difference gives the corrected result, lissome 
cases, whereat is dedred or necessary to have a tangible reddue 
or predpitnte, some pure inert material is added. 
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CHAPTER IV. 

VOLITMETRIC ASSAYS. 

These have hoen already descAbed os those in which the results 
are goc by measuring, either — (i) the volume of a reiigent required 
to complete some reaction, or (jt) the volume of the resulting 
product. For example, if a permanganate of potash solution be 
julded to a solution containing a weighed amount of iron, dissolved 
in sulphuric acid, the strong colour of the permanganate of potash 
will be removed until a certain quantity of it has been added 
Rtspeating the experiment, it will be found that the same amount 
of iron decolorises the same volume of the permanganate solution 
within certain narrow limits of variation, known as “error of 
experiment.” This error is due to variation in the method of 
working tind to slight diflerences in the weighings and measur- 
ings; it is present in all experimental methods, although the 
limits of variation are wider in some than in others. Apart from 
this orior of experiment, however, it is certain that a given 
volume of the permanganate of potash solution corresponds to a 
definite weight of iron, so that if either is known the other may 
be calculated. Similarly, if a known weight of zinc (or ol 
carbonate of lime) be dis.solved in hydrochloric acid, a gas will 
be given off which can be measured, and so long as the conditions 
of the experiment do not vary, the same w'eight of zinc (or of 
carbonate of lime) gives off the same volume of gas. The weight 
of the one can be determined from the volume of the other. 

Or, again, the quantity of some substances may be measured by 
the colour of their solutions, on the principle that, other things 
being equal, the colour of a solution depends, upon the quantity 
of colouring matter present. So that if two solutions of tho same 
substance are equally coloured they are of equal sj;rength. Il 
this way an unknown may be compared with a known strength, 
and a fairly accurate determination may be made. These 
three illustrations serve as typ^ of the three chief classes of 
volumetric assays — titrometric, gasometric, and colorimetric. • 

Tiftometrio Assays. — ^Within the limits of th%error of ex- 
periment, a definite volume of a solution or gas represents a oert^ic 
weight of metal or other substance, hence the exact weight may be 
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determinod by ex^riment. The error of experiment may be 
reduced to insignificant dimensions by repeating the experiment, 
and taking the mean of three or four determinations. Thiawill 
at the same time show the amount of variation. Thus, if 0.5 gram 
of iron were dissolved and found to require 50.3 cubic centimetres 
ef the solution of permanganate of potash, and if on repeating, 
*^50.4, 50.2, and 50.3 c.c. were required, the experimenter would & 
justifiM in , saying that 50.3 c.c. of the permanganate solution re- 
present 0.5 gram of iron, and that his results were good within 
0.2 c.c. of the pemanganate solution. So that if in an unknown 
solution of iron, 50.5 c.c. of the permanganate solution were used 
up, he could state with confidence that it contained a little more than 
0.5 gram of iron. With a larger experience the confidence would 
increase, and with practice the experimental error will diminish. 

But supposing that the unknown solution required, say, 100.5 
instead of 50.5 c.c., he would not be justified in saying that, since 
50.3 C.C. are equivalent to o !5 gram, ioo.6 c.c. are equivalent to 
twice that amount ; and that, consequently, the unknown solution 
contained a little loss tb|ii i gram of iron ; or, at least, he could 
not say it except he (or some one else) had determined it by 
experiment. But if on dissolving i gram of iron, he found it to 
require 100.6 c.c. of the solution, and in another experiment with 
0.8 gram of iron that 80.5 c.c. of the solution were required, he 
would be justified in siting that Vie volume of solution required 
is proportional to the quantity of metal present. There are a large 
number of volumetric assays of which this is true, but tliat it is 
true in any particular case can only be proved by experiment. 
Even where tme it is well not to rest too much weight upon it, 
and in all cases the quantity of metal taken, to determine the 
strength of the solution used, should not differ widely from that 
present in the assay. There are certain terms which should be 
explained here. When the solution of a reagent is applied under 
such conditions that the volume added can be correctly determined, 
the operation is called “ titrating,” the solution of the reagent 
used the “ standard solution,” and the process of determining the 
strength of the standard solution is “ standardising.” The 
“ standard ” is the quantity of metal equivalent tq 100 c.o. of the 
standard solution. 

Standard Solutions. — In making these the salt is accurately 
weighed and transferred to a litre flask, or to the graduated 
cylinder, and dissolved. The method of dissolving it varies in 
spepial cases, and instructions for these will be found undeg the 
i^i^ctive assays. Generally it is dissolved in a small quanSty of 
liqqjd, and then diluted to the mark. For those substances 
require thesud of heat, the solution is made in a pint fi ftskL 
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ind transferred ; alter which the dask is well hashed out. After 
dilution, the liquids in the measUiing vessel must be thoroughly 
mixed by shaking. This is more easily and better done in the 
cylinder than in the litre flask. The solution is next transferred 
to a dry ** Winchester ” bott le and labelled. The label may be 
rendei-ed permanent by waxing it. 

Standard solutions should not be kept in a place exposed to * 
direct sunlight. Oxidising and reducing solutions, such aif those 
of permanganate of potash, feiTOUs sulphate, iodine, hyposulphite 
of soda, (be., gradually weaken in strength ; the solutions of other 
salts are more stable ; while tho^ of potassium bichromate and 
baric chloride are almost permanent. Solutions of potassium per- 
manganate may be kept for a month or so without much change. 
The solutions of hyposulphite of soda and of iodine should be 
examined weekly. Ferrous sulphate solutions, if acidulated with 
sulphuric acid, may bo de]:>euded on for two or three weeks 
without fresh standardising. Before filling the burette, the 
“Winchester” bottle should be well shaken and a portion of 
about 50 or 100 c.c. poured into a dry beaker or test-glass. Besides 
the standard solutions, which are required for titrating an assay, 
permanent solutions of the metal or acid of equivalent strength 
are very useful. When the finishing point of a titmtion has been 
overstepped (i.c., the assay has been “overdone”), a measured 
volume, say 5 or 10 c.c., of a solution containing the same metal 
may be added. The titration can then be continued, but more 
cautiously, and the value in “c.c.” for the quantity added be 
deducted from the final i-eading. 

Standardising. — Suppose tihe object is to standardise a solution 
of permanganate similar to that referred to above. A convenient 
quantity of iron (say 0.5 gram) would be weighed out, dissolved in 
dilute sulphuric acid, and the solution titrated. Suppose 49.6 c.c. 
of the permanganate solution are requii'ed, then 

49.6 ; 0.5 : : 100 : x 

X = 1.008 gram. 

This result, 1.008 gram, is the ** standard.” When a gas is 
measured, the standard may be calculated in the same way. For 
example : with 0.224 gram of zinc, 75.8 c.c. of gas were obtained. 
Then the quantity of zinc equivalent to 100 c.c. of the gas is got 
by the proportion. 

75.8 : 0.224 : : 100 : 

X = 0.2955 gram. 

Uomg the term “ standard ” in this sense, the following rules holo 
good:— 
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To find the weight of metal in a given subatance ; — Multiply 
the tiamdard hy the number of c,c. used and divide by loo. For 
example: a piece of zinc was dissolved and the gas evelved 
measured 73.9 c.c. Then by the rule, 0.2955 ^ 73*9 ^ 0 ° should 
give the weiglit of the juece of zinc. This gives 0.2184 gram. 

To find the percentage of metal in a given substance : — Mul- 
^iiply the standard hy the number of c.c. used and divide by the loeiyht 
oj suhHance taken. For exjimple : if 2 grams of a mineral were 
taken, and if on titrating with the permanganate solution 
(standard 1.008) 60.4 c.c. were required, then 1.008 x 60.4-^ 2 = 
30.44. This is the percentage. 

If the standard is exactly i gram, and i gram of ore is always 
taken, these calculations become very simplb. The “c.c.” used 
give at once the percentage, or dmded by 100 give the weight of 
metal. 

If it is desired to have a solution with a standard exactly 
i.o gram, it is best first to make one rather stronger than this, and 
then to standardise carefully. Divide 1000 by the standard thus* 
obtained and the resul^ will be the nimiber of c.c. which must 
be taken and lie diluted wilh water to i litre. For example: 
suppose the standiu-d is 1.008, then 1000-?- 1.008 gives 992, and 
if 992 c.c. be taken and diluted with water to 1000 c.c. a solution 
of the desired strength will be obtained. The standard of this 
should be confirmed. A simpler calculation for the same purpose 
is to multiply the stanviard by 1000 ; this will give the number of 
c.c. to which I litre of the solution should be diluted. In the 
above example a litre should be diluted to 1008 c.c. 

It has been assumed in these rules that the titration has yielded 
proportional results ; but these are not always obtained. There 
can be no doubt that in any actual re-action the proportion 
between any two re-agents is a fixed one, and that if we double 
one of these then exactly twice as much of the other will enter 
into the re-action ; but in the working it may verj’ well bo that 
no re-action at all will take place until after a certain excess of one 
or of both of the re-agents is present. In titrating lead with a 
chromate of potash solution, for example, it is possible that at 
the end of the titration a small quantity of, the lead may 
Temain unacted on ; and it is cei’tain that a small excess of the 
chromate is present in the solution. So, too, in precipitat- 
ing a solution of silver with a standard solution of common salt, 
a point is reached at which a small quantity of each remains in 
Bowtion ; a further addition either of silver or of salt^^will 
cause a precipitate, and a similar phenomenon has been obser^ 
in precipitating a hvdrocbloric acid solution of a sulphate with 
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baric chloride, r’he excess of one or other of the re-a^ents 
may be large or small ; or, in some cases, they may neutralise each 
oth^r. Considcratio).'* like these emphasise the necessity for 
uniformity in the mode of working. Whether a process yields 
propoHional results, or not, will ho seen from a series of 
staiidardisings. Having oblained these, the results should bo 
aiTanged as in the table, placing the quantities of metal used itP 
the order of v. eight in the first column, the volumes measftred in 
the second, and the standards calculated in the third. If the 
results are proportional, these standards will vary more or less, 
according to the delicacy of the process, but there will be no 
apparent order in tlic variation. The average of the standards 
should then be taken. , 


Weight, 

« 

Yulutne fouiiA 

standard. 

0.2 T 60 gram 

• 

72.9 c.o. 

0.2963 

0.2185 „ 

73-9 n 

0.2957 

0 - 23^5 1. 

79.9 » 

0.2959 

0.2440 „ 

82.3 M 

0.2964 

0 . 2 S 55 „ 

85-9 M 

0,2974 


Any inclination that may be felt for obtaining an appearance 
of greater accuracy by ignoring the last result must be resisted 
For, although it m'ouM make no practical dillbrerK-e whetlier the 
mean standard is taken as 0.2961 or 0.2963, it is well not to 
ignore the possibility that an eiror of 0.4 c.c. may arise. A result 
should only be iguored when the cause of its variation is known. 

In this series the results are proportional, but the range of 
weights (0. 2 1 6 — o. 2555 gi-am) is small. All i)rocesses yield fairly 
proportional results if the quantities vary within nan ow limits. 

As to results which are not proportional, it is best to take some 
imaginary examples, and then to apply the lesson to an actual one. 
A series of titr^ations of a copper solution by means of a solution 
of potassic cyanide gave the following results : — 


Copper taken. 

Cyanide used. 

standard. 

0.1 gram 

11*9 C.C. 

0.8403 

0.2 „ 

237 .1 

0.8458 

0.3 .. 

35-6 .. 

• 0.8426 

0.4 „ 

47-6 „ 

0.8403 


Tb£e are proportional, but by using a larger qtj<*ji^ty of aci<f and 
ammonia in the work preliminary to titration, we might have had 
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to ufte 1 C.C. of c)iirji( 1 e solution more in eaaa case before the 
finishing point was reached. The results would then have been ; 


Copficr taken. 

Cjroiiidc used. 

standard. 

O.I gram 

12.9 C.C. 

"0.7752 

0.2 „ 

! 24.7 „ 

0.8097 

0.3 .. 

36.6 N 

0 . 8 x 91 

• 0.4 

48.6 „ 

0.8230 


It will be noted that the value /)f the standard increases with 
the weight of motal used; and calculations from the mean 
Btandaiti will be iiicoiTect. 

By subtracting the lowest standardising from the highest, a 
third result is got free from error common to the other two ; * 
thus ; — 

0.4, gram -*48.6 c.c. cyanide.” 

0.1 „ =12.9 „ „ 

0-3 ,f =35-7 

And the standard calculated from this corrected result is 0.8404. 
Further, if 0.3 gi*am requires 35.7 c.c., then o.i gram should 
require 11.9 c.c., or i.o c.c. less than that actually found. 

We may therefore use the following rules for working processes 
which do not yield proportional results. Make a series of two or 
three titrations, using very diiTcrent quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
standard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as the 
case may be. If an excess, subtract it from the result of each 
titration ; if .a deficit, add it ; and use the standard in the usual 
way. The following table shows an actual example : — 


Chalk taken. 

Gas obtained. 

Standard, 

0.0873 gram 

17.8 C.C. 

0.4904 

0.1305 „ 

273 » 

0.4780 

0.1690 „ 

35-8 « i 

0.4721 

0.1905 „ 

40.4 ** 


0.2460 ,, 

52.5 « 

0.4680 

0.3000 „ 

64.0 „ 

g ^87 


li will be seen that the standard decreases as the ot 

ohaUc inoreas& ; this points to a defidenc^ in the quantify of gas 
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0.3000 SB 64.0 c.a 
0.0873 = 17.8 „ 


0.2127 = 4^*2 tt 


and 0.2127 X 100-46.2 = 0.4604. Then, multiplying the woigjjt 
of chalk take'll by 100, and dividing by 0.4604, we get Jho calcu- 
lated results of the following table : — • 


Chalk taken. 

Oos found,* 

Gas calculated. 

DiiTcrcnco. 

0.0S73 gram 

17.8 C.C. 

18.9 c.o. 

- I.I C.C. 

0.1305 H 

273 »• 

28.3 „ 

-I.O „ 

0.1690 „ 

35*® M 

36.7 .. 

“O.9 „ 

0.1905 „ 

40.4 „ 

41.4 « 

-I.O „ 

0.2460 , 

52.5 » 

53.4 .. 

-0.9 „ 

0.3000 „ 

64.0 „ 

. 65.1 „ 

-I.I „ 


By adding i c.c. to the quantity of ga,s obtained, and taking 0.4604 
as the standard, the calculated results will agree with those found 
with a variation of o.i c.c. When a large number of assays of the 
same kind are being made, this method of calculation is con- 
venient ; when, however, only one or two deteminations are in 
question, it is easier to make a couple of standardisings, taking 
quantities as nearly as possible the same as those present in the 
assays. 

Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalent to a given 
volume of gas or of solution. The substance used for standard- 
ising should be, whenever possible, a pure sample of the substance 
to be determined — ^that is, for copper assays pure copper should be 
used, for iron assays pure iron, and so on ; but when this cannot 
be got an impure substance may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
are not such as will interfere with the accuracy of the assay. In- 
cluding compounds with these, the standard may be calculated by 
multiplying^ the standard got in the usual way, by the percentage 
of meW in the compound or impure substance, and dividing hy 
100. If, for example, the standard 1.008 gram was obtained 
using a sample of iron containing 99.7 per cent, of metal, the 
corrected standard would be 1.008 x 99.7 + 100 = 1.005. 

0 In volumetric analysis the change brought about must be one 
m which the end of the reaction is rendered prominent either bj 
a change of colour or by the presence or abswft of a precipitate 
If ^e end of the reaction or nnishing-point is not of itseU visible^ 
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then it must be reni^ered visible by the use of a third reagent 
called an incliciitor. 

For example, the action of sulphuric acid upon soda results in 
nothing which makes the action conspitnious ; if, however, litmus 
or pheuolpbthalein be added the change from blue to red in the 
first case, or fiom red to colourless in the second, renders the 
fii^Jshing-point evident. Some indicators cannot be added to the 
assay solv^ion without spoiling the rasult ; in which case portions 
of the assay sblution must withdrawn from time to time and 
tested. Tliis withdrawal of portions of the assay solution, if 
rashly done, must result in loss ; if, however, the solution is not 
concentrated, and if the portions are only withdrawn towards the 
end of the titration, the loss is very trifling, and will not show-up 
on the result. The usual plan adopted is to have a solution of the 
indicator placed in diops at fairly equal intervals distiihuted over 
a clean and dry white porcelain-plate : a drop or two of the solu- 
tion to he tested is then brought in contiict with one of these and 
the effect noted. Another plan is to have thin blotting-paper, 
moistened with a solution oLthe indicator and di*icd ; a drop of the 
solution , to be tested placcjd on this shows the characteristic change. 
When the assay solution cont^iins a suspended solid which inter- 
feres with the test, a prepared paper covered with an ordinary 
filter-paper answers veiy well ; a drop of the solution to be tested 
is placed on the filter-paper, and, sinking through, shows its. cfiect 
on the paper below. 

Except when otherw’lse stated, all titrations should be made at 
the ordinaiy temperature ; cooling, if necessiiry, by holding the 
flask under the tap. When a titration is directed to be made in a 
boiling solution, it must bo remembered that the standard solution 
is cold, and that everj' addition lowers the temperature of the assay. 

On running the solution from the burette into the assay, do not 
let it run down the side of the flask. If a portion of the assay 
has to be withdrawn for testing, shake the flask to ensure mixing, 
and then take out a drop with the test-rod ; the neglect of these 
pi-ecautions may give a finishing-point too early. This is generally 
indicated by a sudden finish, in which case on shaking the flask 
and again testing no reaction is got. Do not remove the drop on 
the jioiiit of the burette with the test-rod ; let it remain where 
it.is or drop it into the solution by carefully opening the clip. 

Generally the methofls of working are as follows 

(i) TI7iC7i tli€ Jinishinff’point depends on a change of cdowr in 
the Boluiion . — Increase the bulk of the assay up to from loo t| 
150 c.c.‘‘with water. Boil or cool, as the case may be. Run in 
the standard solufion from a burette speedily, until the re-agent 
appo^<wo Jiava a slower action, and shake or stir all the tizi^e. 
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Then run i c.c. or so at a time, still stiiring. and finally add drops 
until the colour change is got. * 

(2) Wlim an oviside-indicator ta used. — Pour the standard 
solution from a burette into the assay until 5 or 6 c.c. from the 
finishing-point j then run in i c.c. at a time (stirring and testing 
on the plate between each) until the indical »r shows the change 
wanted, and deduct 0.5 c.c. for excess. When greater accuracy is 
sought for a dupli(!ate .assay is made. In this case the standifl'd 
solution is lun in close up to the end, and the oper^tion*is finished 
olf with a few drops .at a time. 

(3) Witere the finishing-point depends upon the absence of a pre- 
cipUate and no oulside-indlcfdor is used. — As in the last cjise, run 
in the standard solution up to within a few c.c. of the end, then 
run in i c.c. at a time until a precipitate is no longer foi'med, but 
here 1.5 c.c. must be deducted for excess, since it is evident that 
the whole of the last “ c.c.” must h.ave been, and a portion of the 
previous one may have been, in ^cess. 

Indirect Titration. — The action of permanganate of potash 
upon a ferrous solution is one of oxidation, hence it is evident 
that if any other oxidising agent is present it will count as per- 
manganate. In such ii cjise the titration can be used (indirectly) 
to estimate the quantity of such oxidising .ngent, by determining 
how much less of the permanganate is used. For example, 
suppose that i gram of iron dissolved in sulphuric acid requires 
joo c.c, of standard permanganate to fully oxidise it, but that the 
same amount of iron only requires 35,6 c.c, of the same standard 
permanganate if it hjis been previously heated with 0.5 gram of 
black oxide of manganese. Here it is evident that 0.5 gram of 
black oxide does the work of 64.4 c.c.* of the pcrmang/inate solu- 
tion, and that these quantities are equivalent ; moreover, if 64.4 c.c. 
correspond with 0.5 gram, then 100 c.c. correspond A\ith 0.7764 
which is the standard. On theoretical grounds, and by a method of 
calculation which will bo explained further on (under the heading 
“Calculations from Formulae”), it can be found that if the standard 
for iron is i gram, that for the black oxide will be 0.7764 gram. 

The principles of these indirect titrations become clearer when 
express^ in a condensed form. Thus, in the example selected, 
and using 'the formula! Fe = Iron, KMnO^ = permanganate of 
potash, and MnO, = oxide of manganese, wo have : — 

(1) X gram Fe = 100 c.c. KMn04 

(2) I gram Fe =35.6 c.c. KMDO4+0.5 gram MnO, 

•% 100 C.C. EMn04=35.6 c.c. KMn04-fo.5 gram MnO, 

(100-35.6) C.C. KMn04=o.S gram MnO, 

64.4 C.C. KMn 04 =o .5 gram MnO/ 


100 - 35.6 s 64.4. 
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The iron does not enter into the calculation if the same quantity 
is pre:;ent in the two experiments. 

An indirect titration thus requires throe dete-minations, but if 
jiore than one assay is to be canied on, two of these need not b§ 
repeated. The standard is calculated in the usuai way. 

Colorimetric Assays. — These are assays in which the colour 
imparted to a solution by some compound of the MetaJ to be 
defermined is taken advantage of ; the depth of colour depending 
on the quantity of metal present. They are generally used 
for the determination of such small quantities as aie too minute 
to be weighed. Tlje itiothod of workjng is as follows : — A mea- 
sured portion of the assay solution (geneiaJly 1, J, or J of tlie 
whole), coloured by the substance to be estimated, is placed in a 
white glass cylinder standing on a sheet of white paper or glazed 
porcelain. Into an exactly umilar cylinder is placed the same 
amount of re-agents, Sx., as the portion of the assay solution 
contains, and then water is adde^ until the solutions are of nearly 
equal bulk. Next, a standard solution of the metal being esti- 
mated is run in from a burette, the mixture being stirred after 
each addition until the colo^ appioaches that of the assay. The 
bulk of the two solutions is equalised by adding water. Then 
• more standard solution is added until the tints are very nearly 
alike. Next, the amount added is road olf from the burette, still 
more is poured in until the colour is slightly darker than that 
of the assay, and the burette read oiT again. The mean of the 
readings is taken, and gives the quantity of metal added. It 
equals the quantity of metal in the portion of the assay. If this 
portion was one-hdf of tho whole, multiply by two ; if one-third, 
multiply by three, and so on. '^en the quantity of metal in 
very dilute solutions is to he deteimined, it is sometimes necessary 
h) concentrate the solutions by boiling them down before applying 
the re-agent which produces the colourad compound. Such con- 
centration does not affect the calculations. 

Gasometric Assays. — Gasometric methods are not much used 
by assayers, and, therefore, those students who wish to study them 
more fully than the limits of this work will permit, are recom- 
mended to consult Winkler and Lunge's text-book on the subject. 
The methods are without doubt capable of a more extended applica* 
tion.* In measuring liquids, ordinary variations of temperature 
have hut little effect, and variations of atmosphenc pressure have 
none at all, whereas wfth gases it is different. Thus, loo o.c. 
an ordinary aqueous solution would, if heatod from lo* C. to 20* 0., 
'expand to about 100.15 ^ ^ similarly warm^ 

would rapand to ^bout 103.5 ^ ^ 

baromet|r would We a very similar effect. And in mtesorjiiif 
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cases we have not only to take into accounl^ variations in volume 
due to changes in temperature and atmospheric pressuro^ but 
also that which' is observed when a gas is measured wet and dry. 
Water gives off vapour at all temperatures, but the amount of 
vapour is larger as the temperature increases. 

By ignoring these considerations, en'ors of ;{ or 4 per cent, 
are easily^ m^'de ; but, fortunately, the coiTections ai-e simple, agjl 
it is easy to * mstruct a piece of apparatus by means of vj^hich they 
may be i-oduced to a simple calculation by the rule^f three. 

The volume of a gas is, in practice, usually reduced to that 
which it would be at a tempfti ature of o* C., when the column of 
mercury in the l)arometer is 760 mm. high. But, although con- 
venient, this pi-actice is not always nece.ssai7. Tlie only thing 
required is some way of checking the variations in volume, and 
of calculating wimt the corrected volume would be under ceitain 
fixed conditions. 

Suppose that at the time a series of standardisings is being 
made, 100 c.e. of air w'ere confined in a graduated tube over moist 
mercury. Those 100 c.c. would vary in volume from day to day, 
but it would always bo true of them that they would measime 
100 C.C. under the same conditions as those under which the 
standardisings were made. If, then, in making an actual assay, 
35.4 c.c, of gas were obtained, and the air in the tube measur^ 
105 C.C., we should bo justified in saying, that if the conditidns had 
been those of the standardising, the 105 c.c. would have measured 
100 c.c., and the 35.4 c.c. would have been 33.7 ; for 105 : 100 : : 
35-4 * 33-7* The rule for using such a piece of apparatus for 
correcting volumes is : — MvUiply c.c, of gas obtained by 100, 

and divide by the number of c.c, of air in tlte apparatus. 

If it is desired to calculate the volumes under standaixl condi- 
tions (that is, the gas diy, at o* C. and 760 mm. barometric 
pressure) the csdculations are easily pdHormed, but the £empera> 
ture and pressure must be known. 

Correction for Moisture, — The “ vapour tension ” of water has 
been accurately determined for various temperatures, and it 
may be looked uj[k>n as counteracting the barometiic pressure. 
For exomplp, at 15* C. the vapour tension equals 12.7 millimetres 
of mercury; if the barometer stood at 750 mm., the correction 
for moisture would be made by subtracting 12.7 from 750, and 
taking 737.3 mm. to be the true barometric pressure. 

The vapour tensions for temperatures o'* C. to 20* C. are 
|e follows : — 
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Temp. 

Tension. ^ 

Temp. 

Tension. 

Temp. 

Teniioii. 

0 * 

4A mm. 

7* 

7.5 mm. 

14* 

I1.9 mm. 

1 * 

4.9 mm. 

8- 

8.0 mm. 

IS’ 

12.7 mm. 

2 * 

5.3 mm. 

9" 

8.6 mm. 

16“ 

13.5 mm. 

3 * 

5.7 mm. 

lO"* 

9.2 nim. 

17; 

14.4 mm. 

4“ 

6.1 inm. 

11“ 

9.8 mm. 

i8* 

15.3 mm. 

^ 5; 

6.5 mm. 

12" 

10.5 mm. 

19’ 

16.3 mm. 


7.0 mm. 
i 

13* 

11.2 mm. 

20“ 

17.4 mm. 


TJie correction for pressure is : — Multiply the volume by the 
actual piessuie ai\d divide by 760. *' 

The correction for temp^aiure : — Multiply the volume by 273 
and divide by the temperature (in degi'eos Centigrade) added to 
273- 

For all three corrections the following rules hold good. To 
reduce to o* G. and 760 mm. dry. 


^ , , "Volume X 0.3 i;o2 X (Pressure —tension) 

Con’ectcd volume * m ‘ — r' ' 7"!.: 

^ Temperature + 273 

To find the volume, which a given volume under standard 
conditions would assume, if those conditions are altered. 


Resulting volume 


Volume X 2 .784 x (Te mpe rature -f 273 ) 
Pressure— tension 


As an example, we will suppose that it is desired to enclose in 
the apparatus referred to on p. 45, a volume of air, which, when 
dry (at 0’ C. and 760 mm.), shall measure 100 c.c., whilst the actual 
tempeiature is 15* C., ana the pressure 750 mm. 

The second formula is the one to be used, and we get X08.7 o.c. 


Required volume = 


100 C.C. X 2. 784 X 288 
7^~i2.7 


80179.2 

” 737.3 


• 108.704. 
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CHAPTEB V. 

WEIGHINa AND IIEASUBIN&. 

Weighing. — ^The system df weights and measures which we 
nave adopted is the French or metric system ; in this the gram 
(15.43 grains) is the unit gf weight; the only other weight 
frequently referred to is the milligram, which is 0.001, or 
gram. The unit of volume is the cubic centimetre, which is 
approximately the volume of i gi*am of water, and which thus 
bears to the gram the same relation as grain-measures bear to 
giuins. It is usual to write and even pronounce cubic centimetre 
shortly as c.c., and the only other denomination of volume we shall 
have occasion to use is tho “ litre/’ which measui’es looo c.c., and 
is roughly i| pints. 

The weights used are kept in boxes in a definite order, so that 
the weights on the bilance can be counted as well by noting those 
which are absent from the box as by counting those present on the 
scale-pan. The weights run 50, 20, 10, 10, 5, 2, i, i and i grams, 
.and are formed of brass. The fractions of the gram are generally 
made of platinum or of aluminium, and are arranged in the 
following order : — 0.5, 0.2, o.i, o.i, and 0.05, 0.02, o.oi, o.oi. 
These may be marked in this way, or they may be marked 500, 
200, 100, 100, 50, 20, 10, 10 ; the 500 meaning 500 milligrams. 

Some makers send out weights in the series 50, 20, 20, 10, <Sec. 

Weights of less than o.oi gram are generally present in a box, 
but it is much more convenient to work with a lider. This is a 
piece of wire which in the pan weighs 0.01 gram ; it is made in 
such a form that it will ride on the beam, and its effective weight 
decreases as it approaches the centre. If the arm of the beam is 
divided into^ tenths, then each tenth counting from the centre 
outward equals 0.001 gram or i milligram, and if these tenths be 
further subdivided the fractions of a milligram are obtained; 
and these give figures in the fourth place decimals. A fairly 
good balance should be sensitive to 0.0001 gram. The weights 
i^ust never be touched with the fingers, and the forceps for 
moving them is used for no other purpose. When not in actual 
use the l^z is kept closed. The weights must not be allowed to 
remain on the pan of the balance. The balance-case mus^ not be 
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open without some r^son. It must be fixed level, and, once fixed, 
must not be needlessly moved. The bench on which it stands 
should be used for no other purpose, and no one should be aliow^ 
to lean upon it. 

When using a balance sit directly in front of it. Ordinarily 
the substance to be weighed is best put on the pan to the user’s 
l^t; the weights and the rider are then easily manipulated. 

Powders, <fec.,8honhl not be weighed 
directly on the balance ; a counter- 
poised watch-glass or mjetal scoop 
(fig. ai|5) should be used. In some 
Fio. 25. cas«is it is advisable to use a weigh- 

ing-bottle. This is a light, well- 
stoppered bottle (fig. 3) containihg the powdered ore. It is 
first filled and weiglied ; then some of the substance is care- 
fully poured from it into a beaker or other vessel, and it is 
weighed again; the difference# in the two weighings gives the 
weight of substance taken. A substance must always be cold 
when weighed, and large glass vessels should bo allowed to stand 
in the balance-box a little wlrfe before being weighed. AIwa3'8 
have the balance at rest when putting on or taking off anything 
from the pans. Put the weights on systematically. In using the 
rider (except you have a reason to the contraiy), put it on at the 
5 ; if this is too much, then try it at the 3 ; if then the weights 
are too little, tiy at the 4 i if still not enough, the correct weight 
must be between the 4 and 5 ; try half-way between. 

It is best to work with the b^ance vibrating; equilibrium is 
established when the vibration to the left is the mean of the 
preceding and succeeding vibrations to the right. For example, if 
it vibrates 6 divisions to the right on one swing, and 5 divisions 
on the next, the intermediate vibration to the left should have 
beensj. 

Note whether the substance increases in weight whilst on the 
balance. If it does it may bo because it was put on warm, and is 
cooling, or it may be because it is taking up moisture from the 
air. Substances which take up moisture rapidly should be 
weighed in clipped watch-glasses or in light-weighing bottles or 
tuh^. ' 

• Students, in recording the weights, should first read off those 
missing from the box, writing down each order of Sgurea as 
determined ; first tens, then units, and so on. Bemember that 
the first four platinum weights give the figures of the first of 
dedmais, the second four give the second place, and that 
and fourth placeif are given by the rider. Having taken down tiia 
figures# confirm them by reading off the weights as you put them 
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back into the box. Do not rest a weight oq the palm of your 
hand for conveniunfle in reading *iho mark upon it. Remember 
one weight lost from box spoils the set. Do not take it for 
granted that the balauoe is in equilibrium before you start 
weighing : try it. 

Measuring Liquids. — For coarse work, suuh as measuring 
acids for dissolving ores, graduated glasses similar 
to those used by druggists may be used. It is 
well to have tvvo sizes — a smaller graduated into 
divisions of 5 c.c. (fig. 26), and a larger with divi- 
sions equal to 10 c.c. No m^'asurement of im- 
portance should be made in a vassel of this kind, 
as a slight vaiiatioii in level causes a serious error. 

Graduated flasks must be used vvlien anything 
has to be made up to a definite bulk, or when a 
fixed volume has to be collected. If, for example, 
a certain weight of substance has io be dissolved 26. 

and diluted to a litre, or if the first 50 c.c. of a distillate has to be 
collected, a flask should be used. Each flask is graduated for one 
pai*ticular quantity ; the most useful sizes are 1000 c.c., 500 c.c., 
200 c.c., 100 c.c., and 50 c.c. The mark should bo in the narrowest 
part of the neck, and should bo tangential to the curved surface 
of the liquid when the flask eontaws tlie exact volume specified. 
The level of a curved surface of liquid is at first somewhat difficult 
to read : the beginner is in doubt whether the surface sliould be 



taken at a, b, or c (fig. 27). It is best to take the lowest reading 
c. In some lights it is difficult to find this; in such cases a 
piece of white paper or card held behind and a little below, so as 
to throw light up and against the ^ 

curved su^ace, will render it 

clear. In reading, one should & 

look neither up at nor down I 

upon the surface, but the eye il 'S: 1 -E* 

should be on the same level with 1 ; 1 H 

it. It must be kept in mind -3 

that flasks contain the quantity 1 

specified, but deliver less than i tfe: B n 

this by the amount remaining ~ 

in them and damping the sides. ,,,. r ' "S — , 

If it is desired to transfer the 1 10.27. Fio. 28. 


contents say of a 100 c.c. flask to a beaker, it will be necessary tc 
Mmplete the transfer by rinsing out the flask and adding the wash* 
ings; otherwise there will be a sensible loss. Graduated (^litfders 
(fig. 28) are convenient for preparing standard solAiions. 

Pipettes and burettes are graduated to deliver the quantities 
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flpocifie<A The priiifiplc of the pipette, and the advantafres and 
disadvanta;]f(!8 of its various forms, may bo undoistood by con- 
idering the first form shown in fig. 29. It is essentially a bulbed 
tul)o drsiwn out to a jet at its lower 
end, and having on earh side of the 
bulb a mark so plaoed that when 
the surfaf.‘e of the li(|uid falls fi’om 
II the up}>er to the lower maik the 
instrument shall deliver exactly 
100 C.C. The bore of the jet should 
II [I bo of such a size as will allow the 
lev(‘l of the liquid to fall at the rate 
of about one foot in two minutes. 
If it runs more (juickly than this, 
an appreciable error arises from the 
\y varying amount of liquid remain- 
29. ‘ (lamping the sides of the 

bulb. The flow of liquid from a 
pipette must not bo hastened by blowing into it. The lower tube 
or nose of the pipette should^ie long enough to reach into the bottle 
or tl.'isk conkiining the licjuid alK)iit to l)e measui’od. The pipette 
is filh'd by sucking at the open end with the mouth ; this method 
of tilling renders the use of tlie instrument dangerous for such 
licpiiils as strong acids, ammonia, and such poisonous solutions as 
that of potassic cyanide. - One attempt with a fairly strong solu- 
tion of ammonia will teacli the beginner a veiy useful lesson. As 
soon as the liquid rises above the upper mark in the pipette, the 
knouth is witlidrawn, and the pipette quickly closed by pressing 
the upper aperture with the index finger of the right hand; it is 
well to have the finger slightly* moist, but not damp. The neck of 
the pij.'etto should be long enough to allow its being firmly grasped 
b)' the fingei’s and thumb of the right hand without inconvenience. 
The pipette is first held in a vertical position long enough to allow 
any moisture outride the tube to mn down, and then the liquid is 
allowed to run out to the level of the upper mark ; this is easily 
eflected by lessening the pressure. If the finger is wet, the flow 
will bn jerky, and good w'ork impossible. The pipette is next held 
over tlie vessel into which the 100 c.c. are to be put, and the liquid 
allowed to run out. Wlien the bulb is nearly empty, the flow 
should be checked by replacing the finger, and the liquid allowed 
to escape slowly until the low’er mark is reached. The pipette is 
then withdrawn ; it is in the withdrawing that the disadvantage 
of this particular form* makes itself felt. It must be withdrawn 

* It is best to p:,e tliis form with a glass stopcock, or with an india> 
^rnboer tuiM anq clip, after the manner of a Mohr's burette. 
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very Bodily as ■ .)e sligiitest shock causes th(5 remaining column 
of liquid to vibratt. whereby air L drawn in and the liquid is forced 

lOUt^ * 

This disadvantage is got rid of by making tlie mouth of tlie iet 
IP O'*, in otlier words, allowing .’ e instrument to 

empty itself. Tliere are two forms of such pipettes; in the one 
genei-ally recommomled in Gay-Lussac’s silver assay (the lasW 
sliown m fig y) t],e nose is replaced by a jet. This is Most con- 
vememtly filleo by stopping the jet with the finger, Und allowing 
the hquid to now in a tno stream into the neck until the pipette 
IS filled, and tlien working as |i.3t described. The other form is 
the one in use; in fact, a long nose to a pipette is bo 

o^veniont that it may almost^ be said to be necessary. But the 
at^uracy is slightly diminished ; a long narrow tube inakes a poor 
measuring instrument because of ibe amount of liquid it finally 
re ains. A defect possessed by both forms is the retention of a 
drop of varying size in the nozzle. -Whatever method is adopted 
for removing this di'op must bo always adlicred to. The most 
convenient form is the one last described, and the most useful 
sizes are loo c.e., 50 c.c., 20 c.c., 10 c.c.,and 5 c.c. Ten c.c. pipettes 

wr ^re very useful .-those 

are bust in which the graduation .stojxs sliort of the bottom. 

ant ordinary temperature ; 

Ir 75 ^ out with a 

cubic centimetre or so of the solution to be measured. After 
using, it should ho washed out with water. 

pipettes' in having the flow of 
liquid controlled from below instead of from aboTO. The best 
form IS that luiown ^ Mohr’s, one kind of which is provided v^h 
a glass sio^ock, while the other has a piece of india-rubber tube 
mpressed by a clip, llie latter cannot be used for solutions of 
permanganate of potash or of iodine, or of any substance which 

between the two kmds. A burette delivering loo c.c. and 
pud^ted into fifths («.e., each division = 0.2 c.c.), is a very conve- 

Jf Y^Th'd- 5° «-®- divided Into^ tenths 

.ft, each divi.<iion-o.i c.c.) may be selected. 

be fixed in any convenient stond; they must be 

part <rf the graduated sealo without straining.. When not in use 
should be kept full of water. When using a buratte, the 
^ty must ^ run out ; the burette is next rinsed with some M 

^ bnbbJesYn ) tbe india-rubber tiilio so m to disentangle 

ftir-bubbles and, by smartly opening the clip, allow the tabe'iw^ 
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jet to bo filled ; see that no bubbles of air are left. Then run out 
cautiously until the level of the liquid in the burette stands at 
zero. In reading the level with very dark-coloured liquids it is 
convenient to read from the level a (fig. 27), and, provided it is done 
in each reading, there is no objection to this. The accuracy of the 
reading of a burette is sensibly increased by the use of an Erdmann 
jat. This is an elongated bulb, weighted with mercury, and fitting 
(somewhat loosely) the tube of the burette. It fioiits in the solution, 
and is marked with a horizontal line ; this line is taken as the level 
of the liquid. If the burette Is filled from the top, the float rises 
with aggravating slowness, and thisds its chief disadvantage. The 
float must come to rest before any read- 
ing is m.ade. 

A convenient plan for filling a burette 
from below is shown in fig. 30. The 
diagram explains itself. Tlie bottle con- 
taining the standard solution is connected 
with the burette by a syphon arrange- 
ment through the glass tube and T-piece. 
Till flow of liquid into the burette is con- 
trolled by the clip. When thiS'Clip is 
opened, the burette fills ; and when it is 
closed, the burette is ready for use in 
the ordina^ way. 

- MeaAUi^g Gases. — Lange’s nitro- 
meter (fig. 69) is a very convenient in- 
strument for many gasometric methods. 
It requires the use of a fair quantity of 
mercury. In fig. 31, there is a repre- 
sentation of a piece of apparatus easily 
fitted up from the ordinaiy material of a 
laboratory. It is one which will serve 
some useful purposes. It consists of a 
wide-mouthed bottle fitted (by prefer- 
ence) with a rubber cork. The cork is 
perforated, and in the perforation is 
placed a glass tube which communicates 
with the burette. The burette is con- 
nected by a rubber tube and a Y-pieoe, 
either with another burette or with a 
piece of ordinary combustion- tube of 
about the same size. The wide-mouthed 
bottle contains either a short test-tub^ of 
an ordinary phial with its neck cut off. In working the appacatos 
^e ^igh^ substance is put in the bottle and the re-a^nt which 
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is to act on it, in the tcst-tubo ; the cork is*thon insijrted. Tlio 
liquid in tho two burettes is next brought to the same level, eitlier 
bj^pouring it in at a or running it out 
at B. The level of tho liquid in the appa- 
ratus for correcting variation in volume 
is then read and noted. Next, after 
seeing tliat the level of tlie liquid in the 
burette has n 't changed, turn the- bottle 
over on ics side so that the rc agent in 
the test-tube shall be upscj/ into tlie 
bottle. Then, as the volume of the gas 
increases, lower the liquid in tho burette 
by running it out at n, and atf the same 
time keep tho level in A half an inch or 
BO lower than that in tho burette. When 
the action ha^ finished bring th^Jiquid 
in the two vessels to the same level and 
read off the burette. This part of the 
work must always be done in the same 
manner. 

27 ie volume corrector for gas analysis is a graduated glass tube 
of 120 c.c. capacity inverted over a naiTow glass cylinder of mer- 
cury. It contains 0.2 or 0.3 c.c. of water and a volume of air, which, 
if diy and under standard conditions, would measure 100 c.c. The 
actual volume varies from day to day, and is read off at any time 
by bringing the mercury inside and outside to the same level. This 
is done by raising or lowering the tube, as may be required. Any 
volume of gas obtained in an assay can be corrected to standard 
temperature and pressure by multiplying by 100 and dividing by 
the number of c.c. in the oon’ector at the time the assay is made. 
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RE AGENTS.— ACIDS, ETC, 
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Aoetio Acid, HAcorO^Hp,. (sp. gr. 1.04.^, conlMiiiiiig 33 j)cr 
cent, real aeid). — An organic acid, fonning a clu«s of salts, acetates, 
which are for the most part Boiuble in water, and which, on 
ignition, leave the oxide or carbonate of the metal. It is almost 
always used in those cases whei-e minoi-nl acids aJ‘e objectionable. 
To conveii, for example, a solution of a substance in hydrochloiic 
acid into a solution of the sjime in acetic aciil, alkali should be 
added in excess and then acetic acad. Many compounds aro in- 
soluble in acetic acid, whidR are soluble in mineral acids, such as 
ferric phosphate, ferric arsenate, zinc sulphide, etdeium oxalnte, 
&c., so that the use of acetic acid is valuable in some sepamtions. 
The commercial aciil is strong enough for mest purposes, and is 
used without dilution. 

“ Aqua Regia ” is a mixture of 1 part by measure of nitric acid 
and 3 parts of hydrochloric acid. The acids react forming what 
is practically a solution of chlorine.* The mixture is best made 
when wanted, and is chiefly used for tho solution of gold and 
platinum and for “opening up” sulphides. When solutions in 
aqua regia are evapoi’at(*d, chlorides are left. 

Bromine, Br. (sj). gr. 3,0). Pi-actically pure bromine. — It is a 
heavy reddish-brown liquid and very volatile. It boils at 60* C., 
and, consequently, mu.st be kept in a cool place. It gives off brown 
imtating vapours, which render its use very objectionable. Gene- 
rally it answers the same purpose as aqua regia, and is employed 
where tlie adtUiion of nitric acid to a .solution has to be specially 
avoided. It is also used for dissolving metals only from ores 
which contain metallic oxides not desired in the solution. 

** Bromine Water ” is simply bromine Bliaken up with water 
till no more is dissolved. 

Carbonio Acid, 00 ^.— A heavy gas, somewhat soluble in water ; 
it is mainly used for providing an atmosphere in which substances 
may be dissolved, titrated, die., without fear of oxidation, fi is 
also used in titrating arsenic assays with “iodine” when a feeble add 

^ 3HCI + HNO, = Cl, + NOOl + 2H,0. 
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IB required to pi event the absorption of iodine by the alkaline car- 
bonate. It is prepaT-* d when wanted in solution, by adding a gram 
or*so of bicai bonate ot soda and tlien as mucli acid as will decompose 
the bicarbonate mentioned. When a quantity o** tlie gas is wanted, 
it is prepared, in an apparatus like that Uhv I for sulpliurottcd 
hydrogen, by acting on fragments of marble or limestone wit]^ 
dilute hydrochloric acid. ^ 

Citric ACxd (IJaOi or 0JTj0,.IT,0) is an orgardc acid which 
occurs in colourless crystals, soluble in loss than ibeir weight of 
water. The solution must freshly prepared, as it gets mouldy 
wliou kept. It forms a comparatively unimportant class of salts 
(citrates). It is used in the determination of phosphoric acid, 
cbiedy for the purpose of preventing the prec*i}>itation of phos- 
phates of iron and alumina by ammonia, and in a few similar 
cases. The commercial crystals are used ; they should be free 
from sulphui'ic acid and leave no aidi on ignition. 

Hydrochloric Acid, HCl in water, (sp. gr. i.i 6 . It contains 
32 per cent, of hydrogen chloride). — It is sometimes called 
“ muriatic acid,” and wlien impure, ” spirit of salt.” The acid 
solution should be colourless and free from ai’senic, iron, and sul- 
phuric acid. It forms au important family of salts, the chlorides. 
It is the best acid for dissolving metallic oxides and carbonates, 
and is always used by the assu-yer when oxidising agents are to he 
avoided. The acid is used without dilution when no directions 
are expressly given to dilute it. It has no action on the following 
metals : gold, platinum, arsenic, and mercury ; it very slightly 
attacks antimony, bismuth, lead, .silv(?r, and copper. Tin is more 
Bolublein it, but with difficulty; whilst iron, zinc, nickel, cohalt, 
cadmium, and aluminium easily dissolve with evolution of hydro- 
gen and the foi’mation of the lower chloride if the metal forms 
more than one class of salts. All the metallic oxides, except a few 
of the native and rai’er oxides, are dissolved by it with the fonna- 
tion of chlorides of the metal and water. 

Dilute Hydrochloric Acid Is made by diluting the strong 
acid with an equal volume of water. This is used for dissolving 
precipitates obtained in the general course of analysis and the 
moi’o easily soluble metals. 

Hydrofluoric Acid, HF. — A solution in water may be 
purchased in gutta-percha or lead bottles^. It is of variable 
strength and doubtful' purity. It must always be ermmined 
quantitatively for the residue left on evaporation. It is used 
oc(»sionally for the examination of silicates. It attacks * 8 ilica, 
forming fluoride of silicon, which is a gas. When1}he introduction 
of anotW base will not interfere with the assay, the subBtance 
may^be mixed in the platinum dish with fluoride of ammoniu&, 
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or of potassium, or of calcium, aud hydrochloric acid, instead o! 
treating it with the commercial acid. It is only required in special 
work. The fumes and acid are dangerous, and, of course, glass'or 
porcelain vessels cannot be used with it. 

Iodine, 1 . — This can bo obtained in commerce quite pure, and 
Js often used for standardising. It is very slightly soluble in 
water, l^ut readily dissolves in potassium iodide solution. It 
closely resembles chlorine and bromine in its properties, and can 
be used for dissolving metals without, at the same time, attacking 
any oxide which may be present. I/i is chiefly used as an oxidizing 
agent in volumetric w'ork, being sharp in its reactions and easily 
detected in minute quantities. It cannot be used in alkaline 
solutions, since it reacts with the' hydrates, and even with the 
carbonates, to form iodides and iodates. Iodine is soluble in 
alcohol. 

Nitric Acid, HNO^. (Sp. gr. 1.42 ; boiling point 121“ C. ; con- 
tains 70 per cent, by weight of hydrogen nitinte). — It is con- 
venient to remember that one c.c. of this contains i gram 
of real acid. It combine#^ tlie properties of an acid and of an 
oxidising agent. One c.c. <!ontains 0.76 gram of oxygen, most of 
which is very loosely held, and easily given up to metals and 
other oxidisable substances. Consequently it will dissolve many 
metals, <kG., upon which hydrochloric acid has no action. All 
sulphides (that of mercury excepted) are attacked by it, and for 
the most part rendered soluble. It has no action on gold or 
platinum, and very little on aluminium. The strong acid at the 
ordinary tempemture does not act on iron or tin ; and in most 
cases it acts better when diluted. Some nitrates being insoluble 
in nitric acid, form a protecting coat to the metal which hinders 
further action. Where the strong acid does act the action is 
very violent, so tliat generally it is better to use the dilute 
acid. When iron has boon immersed in strong nitric add it not 
only remains unacted on, hut assumes a passive state ; so that if, 
after being wiped, it is then placed in the dilute add, it will not 
dissolve. Tin and antimony are converted into insoluble oxides, 
while the other metals (with the exception of those already men- 
tioned) dissolve as nitrates. During the solution of the metal red 
fumes are given off, which mainly consist of nitrogen peroxide. 
The solution is often coloured brown or gi^n because of dissolved 
oxides of nitrogen, which must he got rid of by boiling. Generally 
some ammonium nitrate is formed, especially in the cases of zinc, 
iron,*; and tin, when these are acted on by cold dilute idd. 
Bul]^ur, pkos^rhoTus, and arsemc are converted into sulphuric, 
|>h^horic, and arsenic adds respectively, when boiled with the 
itrqng addL 
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Dilute Witric Acid. — Dilute i volumo t)f the strung acid 
with 2 of water. 

^alio Acid, 11^0 or (n,C,0^.2H,0.) — This is an organic acid 
. in colourless crystals. It forms a family of salts — tho oxalates. 
It is used in standardising; being a ci*ystalli‘ed and permanent 
acid, it can be readily weighed. It is also used in separations, many 
of the oxalates being insoluble. For general use make a lo per« 
cent, solution. Use the commercially pure acid. Oi^ ignition the 
acid should leave no residue. 

Sulphuretted Hydrogen. Hydrosulplmric acid, SII,. — A 
gas largely used in assaying, since by its action it allows of the 
metals being conveniently classed into groups. It is soluble in 
water, this liquid dissolving at^ the ordinary temperature about 
three times its volume of the gas. Tlie solution is only useful for 
Uisting. In sepaiations, a cur- 
rent of the gas must always be 
used. It is best prepared in an 
apparatus like that shown in 
fig* 32 , by acting on ferrous sul- 
phide with dilute hydrochloric 
acid. When iron has to l)e 
subsequently determined in the 
assay solution, the gas should be 
washed by bubbling it through 
water in the smaller bottle ; but for most purposes washing can 
be dispensed with. The gas is very objectionable, and operations 
with it must be carried out in a cupboard with a good draught. 
When the precipitation has been completed, the apparatus should 
alwa 3 rs be washed out. The effect of this acid on solutions of the 
metals is to form sulphides. All the metallic sulphides are in- 
soluble in water ; but some are soluble in alkaline, and some in 
acid, solutions. If sulphuretted hydrogen is passed through an 
Boid solution containing the metals till no further precipitation 
takes place, a precipitate will be formed containing sulphides 
insoluble in the acid. On filtering, adding ammonia (to rendex 
the filtrate alkaline), and again passing the gas, a further prod- 
" pitate will be obtained, consisting of sulphides insoluble in an 
dkaline solution, but not precipitable in an acid one ; the filtrate 
may also contain sulphides not precipitable in an acid solution, 
which are soluble in an alkaline one ; these will be thrown down 
^ on neutralising. Again, the metals precipitated in the acid sola- 
ti8n form sulphides which may be ^vided into groups, t^e one 
consisting of those which are soluble, and ih$ other 01 those 
which are not soluble, in alkalies. This classification is shown, in 
th»following summary 
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1. VrtcipitahU in an acUl polidion. 

(а) Soluble in Alkalie.' - Snlplmles of As, Sb, Sn, Au, Pt, 

Ir, Mo, Te, and Se. • 

( б ) JnsoJuWe in A Ikalies.— Snlphidos of Ag, Pb, Ifg, Pi, 

Cu, Cd, Pd, iih, Os, and Pu. 

2 . yot precipitated in an add aoliUim^ hut thrown down in an 
9 ^hdine one. 

Sulphidt!s of Mn, Zn, Fe, Ni, Co, In, TI, and Ga. 

These cjiii* a^^ain bo divided into those which are dissolved by 
dilute acids and those which are not. 

3. Not precipitated in an acid dr alkaline solution, but thrown 
down on neuindising the latter. 

Sulphides of V and W. , 

Sulphuretteil liydro^'oii is a strong reducing agent. Ferric 
salts are thereby quickly reduced to ferrous; in hot solutions 
nitric acid is decomposed. These changes are imirla'd hy a preci- 
pitation of sulf)hur, and the fttudent must be careful to pass the 
gas suHiciently long, and not ho too h:isty in concluding that no 
sulphide will form because^ tlocs not at once make its appearance. 
The best iudicAtion that it lias been passed long enougb is the 
smell of the gas in the solution after shaking. 

Sulphurous Acid, lIjSOj.-— The reagent used may be re- 
garded as a satui-jited solution of sulphur dioxide in water. It 
may bo purchased, and keeps for a long time. It may bo made 
by heating copper with sulphuric acid and passing the gas formed 
into water. The heat should be withdrawn when the gas is coming 
off freely. It is used a.s a reducing agent, and should not be 
diluted, 

Sulphuric Acid, HgSO^. . (Sp. gr. 1.84, containing 96 per 
cent, of real acid, JT^St)^.) — This acid forms insoluble sulphates 
with salts of lead, strontium, and barium. It lias a high boiling 
point, 290” 0 ., and, when evaporated with salts of the more 
volatile acids, converts them into sulphates. When nitrates or 
chlorides are objectionable in a solution, evaporation with sul- 
phuric acid I’emoves them. In working with this acid caution 
is necessary, since, on mixing with water, great heat is evolved ; 
and, if either the acid or water has boon previou.sly heated, a 
serious accident m.iy result. In diluting the acid it should be 
poured into cold water. Glass vessels contoining boiling sulphuric 
acid should lie handled as little os possible, and should not be 
cooled under the ta}j. Tlie action of diluted sulphuric acid on 
metals closely resembles that of dilute hydrochloric add. Mag- 
nesium, aluminium, ii*on, zinc, nickel, cohalt, manganese, ai^ 
cadmium dissolve, with evolution of hydrogen, in the cold add, 
or wlfen ^med. The action of hot and strong sulphuric aq[d is 
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altogether different ; it acts as an oxidising agent, and is itself 
reduced to sulphur dio'iide or even to sulphur. The following 
metflls are attacked in this way: — copper, bismuth, mercury, 
silver, antimony, tin, and lend. Gold, ])I/itinum, and arsenic are 
not affected. This property is run do uso of in ]>'irting silver from 
gold .and platinum. Metallic sulphides are similarly attacked ; 
but this method of opening up minerals has the disadvantage of 
giving rise to the formation of .anhydrous sulphates of inon, A:c., 
which ai’G not readily dissolved when afterwards diluted. The 
use of suljdiiiric acid in .assajung is (for tlicso reasons) to be 
avoided. Its (ihiof use is as a drying agent, since it has a stroiig 
.affinity for avater. Air under a hell jar in .ay be kept dry by 
means of a basin of sulpliuric .ofiid, and g.ases bubbled througli it 
are freed from w.ater- vapour. 

Dilute Sulphuric Acid. — This is made by diluting i volume 
of the strong a(;id with 4 of w.ater. 

Tartaric Acid, 11 , T or OJI,.Og.* — A crystallised org.anic acid, 
soluble in less th.an its own weight of water, or in less than three 
parts of alcohol. It is used for the same purposes as citric acid 
is. The solution is made when required. 

BASES, SALTS, &o. 

Alcohol, 0 , 11 , 0 . (Commercial alcohol of sp. gr. 0.&38 ; it con* 
"■ains 84 per cent, by weiglit of alcohol.) — It should burn with a 
non-luininous flame and leave no residue. It is used for washing 
precipitates where water is inapplicable, and for facilitating drying. 

Ammonia, NH,. (Commercial ammonia, a solution having a 
sp. gr. of o 88 to 0.89, .and containing about 33 per cent, of 
ammonia.) — It is used as an alkali (more commonly than sod.a or 
potash), since an excess of it is e.asily removed by boiling. The 
salts of ammonium formed by it may be removed by igniting, or by 
evaporating in a porcelain dish with an excess of nitric acid. It 
differs in a marked w.ay from soda or potash in its solvent action on 
the oxidesor hydrates of the metals. Salts of the following metals 
are soluble in an ammoniacal solution in the presence of ammonic 
chloride ; — copper, cadmium, silver, nickel, cobalt, manganese, zinc, 
magne.sium, sodium, potassium, and the .alkaline eartlis. 

Dilute Ammonia is m.ade by diluting i vol. of commercial 
ammonia with 2 of water. The dilute ammonia is always used ; 
but in assays for copper a stronger solution (i of strong ammonia 
to^ of water) is required. ^ 

Ammonio Carbonate (Am, CO,) is prepared ^y dissolving one 
part of the commercial sesquicarbonate of ammoniauiu four parts 
of mter, and adding one of strong ammonia. * 
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Ammonio Bicarbonate (IlAmCO,) is prepai*ed by satumting 
a solution of the sesquicarbonate of ammonia with carbon 
dioxide. • 

Ammonio Chloride, AmCL— Use the commercial salt in a 
20 per cent, solution in w'ater. The salt should leave no residue 
on ignition. 

* Ammonic Molybdate.— The solution is prepared as follows ; 
— DifiSflve 100 grams of the powdered commercial salt in 200 c.c. 
of dilute ammonia, and pour the solution in a slow stream into 
750 c.c. of dilute nitric acid ; make up to i litre, and allow the 
mixture to settle before using. Tt is used for the purpose of 
sejiarating phosphoric oxide from bases and from other acid.s, 
and also as a test for phosphate? and arsensites. In using this 
solution the substance must l)e dissolved in nitric acid, and a con- 
siderable excess of the reagent added (50 c.c. is cuflicient to pre- 
cipitate o.i gram PjOj) ; when the phosphate is in excess no piecipi- 
tate will be got. The pvecipitdte is phospho-molybdate of ammonia. 

Ammonic Nitrate (AmNOJ is used in the scp.‘i ration of 
phosphoric oxide by the ^lybdate method, and occasionally for 
destroying organic rnatt^ It is soluble in less than ite own 
weight of water. The solution is made when wanted. 

Ammonio Oxalate (Am,C,0^.2lI,0) is used chiefly for the 
separation of lime. The solution is made by dissolving 15 grams 
of the salt in 100 c.c. of water. 

Ammonic Sulphide inay be purchased in the state of a strong 
solution. It is yellow, and contains the disulphide, 8, Am,. It 
serves the same purpose as is obtained by passing a current of 
sulphuretted hydrogen through an ammoniacal solution ; but has 
the disadvaiitage of loading the solution with sulphur, which is 
precipitated when the solution is subsequently acidified. It is 
useful for dissolving the lower sulphide of tin (SnS). 

Baric Carbonate (BaCO,) is sometimes used for precipitating 
the weaker bases. It should be prepared when wanted by pre- 
cipitating a sohition of baric chloride with ammonic carbonate 
and washing. The moist precipitate is used without drying. 

Baric Chloride, BaCl,.2H,0.— -A crystallised salt, soluble 
in parts of water. It is used for the detection and separation 
of sulphates. Make a 10 per cent, solution, 

, ** Black Flux.”— A mixture of finely divided carbon with 
carbonate of potash.or with ciirbonates of potash and soda. It is 
prepared by heating tartar or “rochelle salt” until no more 
combustible gas is given off. One gram will reduce about i 
of lead from litharge. 

. Borax, £a,B, 0 ,.ioH, 0 .— It is chiefly used as a flux in dxy 
already described. It is bIm used in tearing Itjpfore 
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the blowpipe; many metaUic oxides impart a characteristic 
colour to a bead of borax in which they have l>^n fused. 

Cjlcimn Chloride. -The crystalhsed salt is OaOl,. 611 , 0 ; dried 
at 200* 0. it becomes CaClj,.2H,0, and when fused it becomes de- 
hydrated. The fused salt, broken into small lumps, is used for 
drying gases. It combines with water, giving oil much heat ; and 
dissolves in a little more than its own weight of water. Strong 
solutions may be used in baths in which temperatures above the " 
boiling-point of water are required. One part of the sal? and 2 
of water give a solution boiling at 112", and a solution of 2 parts 
of the salt in i of water hoik at 158“. The salt is very little 
used as a reagent. 

Calcium Fluoride or “ Fluor Spar,” CaF,.— The mineral is* 
used as a flux in diy assaying; 'it renders slags which are thick 
from the presence of pliosphates, <fec., very fluid. Mixed with 
hydrochloric acid it may sometimes be used instead of hydro- 
fluoric acid. , 

Calcium Carbonate, CaCO,.--It is precipitated in a pure 
state by ammonic carbonate from a solution of calcium chloride. 
It is used for standardising. In the impure state, as m.arble or 
limestone, it is used in the preparation of carbonic acid. 

Calcium Hydrate or <*Lime Water.” — This is used in 
testing for carbon dioxide and in estimating the amount of that 
gM present in air. It may be made by slaking quicklime and 
digesting the slaked lime with water. One hundred c.c. of water 
at 15" C. dissolves 0.1368 grams of the hydrate (Call, 0 ,), and hot 
water dissolves still less. “ JlJUk of lime ” is slaked lime suspended 
in water. 

Cobalt Nitrate (Co(NO,),. 6 H, 0 ) is used in a 10 per cent, 
solution for the detection of oxides of zinc, aluminium, &o. ; 
on ignition with which it forms characteristically coloured 
compounds. 

Copper, Cu. — Pure copper, as obtained by electrolysis, can be 
purchased. This only should be used. 

Copper Oxide, OuO. — It occurs as a black, heavy, and 
gritty power, and is used for the oxidation of carbon and hydrogen 
m organic substances. It should be ignited and cooled out of 
contact with air just before using, since it is hygroscopic. Oxide 
of rapper which has been used may be again utilised after 
calcination. 

Copper Sulphate (CuS 0 ^. 5 H, 0 ) contains 25.4 per cent, of 
rapper. It is used in the outer cell of a Daniell-battery. The 
commercial salt is used for this purpose. The re-crystallised and 
pure salt is used for preparing the anhydrous siflphate, which is 
used for detecting moisture in gases. For this purpose it ia 
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di’ied at 200* C. till no trace of green or blue colour remains. It 
must be prepared when wanted. It may be conveniently used 
in the form of pumice-Ftone. satmatcd with a solution o£ the 
salt and dried. Traces of moisture develop a gi’con colour. 

Ferric Chloride, FejOl,. (When crystallised, FejClj.6HjO.) 
—The solution is prepared as described under iron. * The com- 
nionjial salt contains arsenic, and, since the chief use of ferric 
^chloride is for the determination of this substance, it must bo 
puritio 4 (see« under AiisRNir). 

Ferric Sulphate ( hX(®^i)3) yellowish white deliquescent 
salt. It is used as an indicator in •volumetric silver assaying, and 
Jor the separation of iodine from bromine. It may be purchased 
as iron aium, Ani„Fo..(SOJ^.24H.p. Hut it is best prep.‘u*ed by 
adding strong sulphuric acid to ferric hydrate in equivalt-nt 
propoi tions. Use it as a solution containing 2 or 3 per cent, 
of iron. 

Ferrous Sulphate, FeS 0 ^. 7 H, 0 . — The granulated form is 
best, and can be purchased pure. It is used for standardi.sing. 
It keeps better in crystals than in solution. It is readily soluble 
in water, but the solutionJib best made wth the help of a little 
free acid. As a. re agentusoa 10 per cent, .solution. The crystals 
should be clear bluish-green ; if their colour is dark green, 
broWi), or blue, they should bo rejected. 

Ferrous Sulphide (FeS) is used foj’ the preparation of sul- 
phuretted hydrogen. It -may be purchased and broken in small 
lumps, nut-size, for u.se. 

“ Fusion Mixture ” (K,C03,Najn0,) is a mixture of potassic 
and sodic carbonates in the proportions of 13 of the former to 
10 of the latter, by weight. It is hygroscopic. A mixture of the 
bicarbonates is better, being purer and less apt to get damp. 

Gallic Acid (CyHPj.HjO) is an organic acid, occurring^as a 
pale fawn-coloured crystalline powder, soluble in 100 parts of 
cold water, or in 3 parts of bohiug water. -It is used for the 
determination of antimony. A 10 per cent, solution in warm 
water is made when required. 

Hydrogen (H) is a gas. It is obtained by acting on zinc with 
dilute hydrodiloric or sulphuric acid. It is used as a reducing 
agent, and for providing an atmosphere free from oxygen. It 
redtrees metallic oxides at a high temperature. It must be freed 
from water ; and special precautions should be taken to prevent 
an admixture with air. It is generally reqitired in a current 
which can be continued for an hour or more without interruptii^. 
* The preparation can be conveniently carried out in the apparatus 
shown (fig. 33)? .A quart bottle is half filled with sheet zinc, 
and qnnnected with bulbs filled with sulphuric acid, and jritb 
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a calcium chloride oube. The last w connected with the appamtu* 
through which the gas hjis to be 
passed. Dilute hydrochloric acid 
mixSd with a few cubic centimetres 
(20 c.c. to I pint) of stannous chloride 
sol. to tix any dissolved oxygen, is 
placed in the funnel, and let into the 
bottle by opening the stopcock when 
required. Oare must bo taken to let 33 * • 

t]u3 hydrogen OHca])e for some time bqfore starting the reduction. 

Gold, Au. — Gold, obtained J:)y cupelling and “parting,” is for 
most purposes sulliciently pure. It is best kept in the shape of 
foil. When the purer metal is required, gold should be dissolved 
in aqua regia, the solution evaporated to a paste, diluted, allowed 
to stand, and filtered. Tlie filtered solution is achlified with hydro- 
chloric acid, warmed, and j)rccipitated with sodium sulphite. The 
precipitate is collected, washed, and fused on charcoal. 

Iron, Fc. — Tlie soft wire (thin) is used for standardising. 
Ptods are used in dry assays as a desulphurising agent. Steel 
must not be used, since it is not pure, and contains a variable 
amount of iron. 

Lead, Pb. — Granulated lead or lesid-foil is used in the dry 
assay for silver and gold, and in the preparation of lead salts. It 
can be obtained very pui*c, but always contains more or loss silver, 
I or 2 milligrams in 100 gcams. The amount of silver it con- 
tains must be determined and recorded. 

Lead Acetate (PbAc,. 311,0, or Pb(C,TT30,),.3lT.p) is used as a 
test, specially for the detection and estimation of sulphuretted 
hydrogen. Prepare a 10 per cent, solution for use. 

Lead Nitrate (Pb(NO,),) can bo purchased pure. It is used for 
standardising. 

Lead Dioxide (PbO,) occurs as a dark-brown powder. It is 
used as an oxidizing agent and for absorbing sulphurous oxide. 
It can be prepared by digesting red lead with warm dilute nitric 
acid ; wa.shing and drying tho residue. 

“Litharge,” PbO. — It can be purchased as a yellow heavy 
powder. It is used in dry assaying as a flux, as a desulphurising 
agent, and also as a source of lead. It always contains some 
silver, the amount of which must be determined. 

Litmus. — This is an organic colouring matter which is tunicd 
red by acids and blue by alkalies. For ordinary purposes it is 
best used as litmus paper, which may be purchased in small books. 
A Solution is prepared by digesting 15 or 20 grams of the, com- 
mercial litmus in 100 c.c. of water on the water bath. After being 
allowed to settle^ it is filtered and made just' faintly re^ with 




04 ^kssAiiKc& 

4 

BOeSc add. Then then is added a drop or two of a soluidon of soda 
and 10 0.0. of alcohol. It should be kept in a loosely-covered bottle. 

Hagnesia, MgO.—lt may be purchased .'is ^'calcined maraesia.” 
It is used for making ** magnesia mixture/' and should be kep% in 
a corked wide-mouthed bottle. 

‘‘Magnesia Mixture.”— Dissolve 22 grams of magnesia in 
about a quarter of a litre of dilute hydrochloric acid, avoiding 
Excess. Add 5 grams of magnesia, boil, and filter. Add 300 grams 
of amnifenic phloride, and 250 c.c. of strong ammonia; and dilute 
with water to 2 litres. It should be kept in a stoppered win- 
chester. , 

Magnesium Sulphate, MgSO^.yH.O.—lt can be purchased 
very pure, and is occasionally used as a standard salt. 

Manganese Dioxide, MnOj.*-»It is used in the prepanition of 
chlorine. The commercial article is not pure, but is sufficiently so 
for this purpose. 

Marble, CaCO,.— Fragments of the wliite ciystalline variety 
only should bo us^. It is used as a source of lime and of carbon 
dioxide. 

Mercury, Hg.— This ca||Kte purchased pure. It should have 
a bright surface, flow without a tail, and leave no residue on igni- 
tion. It is used as a standard ; for amalgamation ; and as a con- 
fining liquid in gas analysis. 

Mercuric Chloride (HgCl,) may be purchased pure. Make a 

5 per cent, solution in water. It is used for destroying an excess 
of stannous chloride ; for removing sulphuretted hydrogen from 
solution ; and as a test for stannous salts. 

, Miorooosmiq Salt, HAmNaPO^.SH^O.— rWhen fused KaPO, 
is formed. It is used in testing for metallic oxides and silica before 
the blowpipe. The crystals ai'e sometimes, used as a standard for 
phosphonc acid. 

Nessler’s Solution.” — Mode of preparation : Dissolve 35 
grams of potassium iodide in 100 c.c. of water ; dissolve 17 grams 
of mencuric chloride in 300 c.c. of water, and pour this solution 
into that of the iodide till a pemanent precipitate is produced ; 
make up to 1 litre with a 20 per cent, solution of potash ; add 
mercuric chloride till a precipitate is again formed; allow U, 
settle and decant. It is used for detecting ammonia. 

Nitre.— This is potassium nitrate. 

Platinum Chloride, 2HCl.PtCl . (In the crystallised form ^ 
has 611 , 0 ). — It may'be made as follows : — Take 5 grams of clean 
phttinum scrap and dissolve in a fiask at a ^ntle heat in 50 of 
.aydrc^Uoric add with the occasional addition of some nitric am ; 
evaporate to a pnste; and then dis^lve in 100 o.c. of wa^, 
is for separating and determining potassium 
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fhenolphthftlein is an organic compound used as an indicator \ , 
more especially in determining the w^er acids. It cannot be 
used in the presence of ammonia. Dissolve half a gram in loo e.o. 
of dilute alcohol. 

Potassium Bicarbonate, KHCO,. — It may be purchased 
pure ; on ignition it leaves the carbonate, K,00|, which may be 
used as a standard. 

Potassium Cyanide, ElON.— It is used in the dry asft.y as a 
reducing agent. The commei dal salt is veiy impure. Purchase 
that . .old as potwssic cyanide (gold) which contains about 95 per 
cent, of KCN. It is used for copper assaying and occasionally in 
separation. Make a 10 per cent, solution when wanted. 

' Potassium Bichromate, It may be purchased 

nearly pure. It n? used sm a,n oxidising age*it, for determining 
iron; and as a test solution. For this last purpose a 10 per 
cent, solution is prepired. 

' Potassium Chlorate (XOIOJ c^ be purchased pure. It is 
used with hydrochloric acid as a .substitute for aqua regia. 

Potassium Perrocyanide (K^Pe(CN),.3lI,0), or “yellow 
. prussiate of potash,” is used as a t^t ; as an indicator ; and for 
. the determination of zinc. Make a 5 per cent, solution. 

Potassium Perricyanide (K,Pe,(CN)„), or “ red prussiate of 
potash,” is used for testing ; and as an indicator. Make a 5 per 
cent, solution when wanted, as it decomposes on keeping. 

Potassium Hydrate, KHO. Purchase that purified with 
alcohol. It is on alkali, and is used for absorbing car&nic acid, Ac. , 

Potassium Iodide, KI. It may be purchased nearly pure. 

It is used as a test and for dis.solving iodine. It should be usM in 
a 10 per cent, solution freshly made. The solution decomposes on 
exposure to light, with separation of iodine. 

Potassium Nitrate (KNO,) can be purchased pure. It is used 
in the dry way as an oxidizing agent. It is veiy fusible. It 
decomposes at a low temperature into potassium nitrite (KNO.) 
and free oxygen; and at a higher temperature leaves potasn 
(E^O). It oxidizes sulphur and carbon with explosive violence. 
This action may bo moderated by mixing the nitre with carbonate 
0^ soda, common salt, or some other inert body. 

Potassium Nitrite, KNO,.— The commercial article is not 
' pore, but is sufficiently so for the piurpose required. A saturated 
L. solution is used in the separation of cobalt ;*the solution is znade 
, when wanted. 

^ Potassium Permanganate, KMnO^.— This salt cw be pnr^ 
chased sufficiently pure. It is much usm as an ogidizing agent. 

' Potassium Bisulphate (KHSOJ is used as a dry reagent for 
openjpg up minerals. It fuses; and at a much higher tenljpei|f ^ 
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itire is converted i^ito potassium sulphate with loss of sulphurie 

add. 

Fotassitim Sulphooyanate (EONS) is used for the detecijon 
and determination of traces of ferric iron ; 8£ also in the separation 
of silver and copper from some of the other metals. Make a .10 
per cent, solution. It should show no colour on the addition of 
^hydrochloric acid. 

** Be^ Lead” (Pb, 0 ^) is used in the dry assay as a fiuz instead 
of litharge, ffom which it differs in containing a little more oxygen. 
When act^ on by nitric acid a brown residue of lead dioxide is 
left, nitrate of le^ going into solution. Like litharge it always 
carries silver ; about 2 milligrams in 100 grams. 

\ Silver, Ag.— Pure silver in foil is required as a standard. 
It may 1 ^ prepared as follows :~I)issolve scrap silver in dilute 
nitric acid and decant off from any residue ; dilute the solution 
with hot water and add hydrochloric acid until there is no further 
precipitate, stir ; allow the precipitate to settle ; decant and wash ; 
dry the predpitate, mix' it with twice its bulk of carbonate of 
BQ^ and fuse the mixture in a crucible until tranquil ; dean the 
button and roll or hammer If into foil. . 

Sodium Acetate, Na0,H,0,.3H,0.— The crystals may be pur* 
chased sufficiently pure. Make a 20 per cent, solution in water. 
It is used for replacing mineral acids by acetic add.* 

Sodium Acetate and Acetic Acid.— A solution is used in the 
determination of phosphates and ai*senates; 100 grams of the 
, salt is dissolved in 500 c.c. of acetic add, and diluted with wat^ 

* to one litre. 

V Sodium Bicarbonate (NaHCO,)is used as a flux in dry methods. 
On ignition it leaves the carbonate (NayCO,), which is used as a 
standard reagent. Make a 20 per cent, solution of the carbonate 
for use. It should be free from chlorides or sulphates, or if 
impure the amount of impurities must be determined. 

Sodium Hydrate, NaHO. It may he purchased in sticks, 
which should he kept in a well-corked bo^e. It is sometimes called 
caustic soda.” It is a strong alkali. It is used for neutraHzing 
add solutions and for separations where ammonia is unsuitaMe. . 
Hake a 5 per cent, solution for use.. 

Sodium Hyposulphite, Na,S,0,.5H,0.— It may be purch^^ 
purer It is generally known as “hypo.” It is used asVg 
, litahdard. . ' 

Sodum Sulphite (Na^SO,. 711,0) is used os a reducing agei^: ; 
^ Sodium Phosphate, N^HPO,. 1 2H O. The crystals may4^^ 
^7>urohas6d pure, but they effloresce in dry air with loss of 

NtOtiLo. 4 . u,c;o, + Kaa 
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It is used as A standard and for precipitating magnesia. ^ 
Make a 10 per cent, solution. - ^ ® » 

Stannous Chlori^'^, SnCl,. 2 H, 0 .-“The crystals are best pur 
diased. If kept dry and free from air they are fairly permanent 
A solution 18 made by dissolving 20 grams 10 c.c* of hydro 
chlonc acid and diluting to i litre. The solution is not permanent 
It IS a strong reducing agent, and is chiefly used in solution fo] 
tms purpose. 

Tin, on.— drain tin .should be purchased. It is not pure bui 
contains gcj.a per cent, of the metal. The chief impurity ii 
^pper. It can be used as a s.^andard. When acted on ^th hoi 
hydiochlonc acid it slowly dissolvers (more rapidly in contact wit! 
platmum) and forms stannous chloride. 


TTranium Acetate, U0,(C.n.0,),.H,0.-T t is tel purehased ii 

crystals. The solution is used for the determination of phCsphatee 
and arsenates. A solution of 3 per cent, strength is occasional^ 
used as an indicator. . - 

XJrMium Nitrate, IT 0 ,(N 0 ,),. 6 H. 0 .-This salt is very soluble 
in water and IS sometimes used instead of the acetate, which is 
somewhat diflScult to dissolve. 


Water, H^O. Spring or well water is sufficiently pure for 
m^ipurposes, loo c.c. wdl leave a residue of from 10 to zp 
mmigrarns, so that where a salt has to be dissolved out, evaporated 
and weighed it should be replaced by distiUed water. Kain water 
mdt^ snow, <kc., always leave le.ss residue than .spring water » 
but in other respects they are often dirtier. Distilled water is 
be^ prej^d in the office, a glass or tin condenser being used. 

Zme, Zn. It is sold in a granulated form or in sticks It 
genei^y Mntaina over i per cent, of lead, with a little iron and 
ar«mo. It is used for separating metals from their solutions, 
and genenilly ns a reducing agent. Por the preparation of 
hydrogen, and in most other cases, scrap sheet zinc may be use<I, 

Zinc Oxide, ZnO.— The commered^ oxide sometimes contain! 
carbonate. 

atao Sulphate, 2 :nS 0 ,. 7 H, 0 .-It is occasioualiy used a. a 
atondardi and can be purchased nearly pure. 



( <58 ) 


CHAPTER yiL 

POEMULiE, EQUATIONS, ETO. 

FormuIi^ and equations are a kind of short hand for expressing 
briefly and in the language of thp atomic theory the facts of 
chemical composition and reaction. The convenience of this 
method of expressing the facts justifies a short description of it 
here. 

On comparing the percentajre composition of a series of com- 
pounds the proportions in Avliich the elements combine appears to 
be regulated by no simple lajjf*; For example : 



Kcal^ftr. 

Orpitnctit, 

JUispinol 

CjrtlM. 

Arsenic . 

. 71.4 .. 

. 60 9 

1 46.Q ... 


Sulphur . 

. 28.6 .. 

. 39.1 

. 19.6 ... 

53-3 

Iron . . 

. - .. 


. 34-4 ... 

46.7 


100.0 .. 

. 100,0 ,. 

. 100.0 ... 

100.0 


But if in these e'xaniples the composition is calculaied, net on loo 
parts, but on 107, 246, 163, and 120 parts respectively, evidence 
of a simple law becomes apparent. 



llealf^ar. 

Orpinaent. 

MiRpit’keL 

P)’ritef. 

Arsenic . 

• 75-0 . 

.. 150.0 ... 

75:0 ... 

— 

Sulphur . 

. 32.0 ., 

.. 96.0 ... 

32.0 ... 

64.0 

Iron . . 

. — . 

.. — ... 

56,0 ... 

56.0 


107.0 . 

.. 246.0 ... 

163.0 ... 

120.0 


It will be seen that the proportion of ar.senic is 75 or twice 75, ' 
that of iron is 56, and that of sulphur 32 or some simple multiple of 
32. The series of examples might bo extended indefinitely, and it 
vfoM still be found that the combining proportions " l^d good^ 
The number 75 is spoken of as the ** combining weighti'^ or, mopjri 
frequently, as the ** atomic weight” of arsenic. Similarly 5$ jii 
)he atomic weight of iron, and 32 the atomic weight of sulphur. 
’The iiqportance of this law of chemical combination is ^togetM 
independent of t^e atomic theoiy ; but this theory fum^eii W 
simplest explanation of the facts. According to it a cheoslm, 
copipdund is made uj of exactly smfilar groups of paHi<%fb 
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particles of ear ii>elouicutary substance are all alike, but differ 
from those of other elements m weight. Ifltimate particles ate 
called atoms, and tbf^ groups of ai.oiQs are called mdecules. The 
aJomic weight of any particular element is the weight of its atom 
compared with the weight of an atom of hydrogen. The atom of 
sulphur, for instance, is 32 times .as hoavj s-,s the atom of hy- 
drogen, and the atomic weight of sulphur is 32. The mohcvlar 
wei(j1it is the sum of the atomic weights of the group. The mol^ 
cule of pyritas contains two atoms of sulphur and ofie of iron ; on 
referring tc the table of atomic weights it will be seen that the 
atomic weights are — .sulpluir 32, and iron 56. The molecular 
weight, therefore, is 32 + 32 + 56—thut is, 120. Tl>o meaning of 
this is, 1 20 parts by weight of iron pyrites contain 64 parts of 
Bulplmr and 56 paits of iron ;*and this is true whether the “ parts 
by weight ” be grains or tons. 

The sjpnhol or formida of an akm is generally the initial letter 
or letters of the Latin or Englisl^ name of the substance. The 
atom of hydrogen is written 11 , that of oxygen 0 , of sulphur S, 
of iron (ferrum) Fe, and so on. A list of these symbols is given 
in the table of atomic weights. 

The formula of a mdecule is obtained by placing together the 
symbols of the contained atoms. Thus, Fe represents an atom of 
iron, S an atom of sulphur, while FeS represents the molecule of 
sulphide of iron as containing one atom of Ciich element. 

When more than one atom of an element is present this is 
shown by writing a figure under and after the symbol; thus, 
FeS, represents a molecule with one atom of iron and two atoms 
of sulphur, Fe,S, similarly shows one with two atoms of iron and 
three of sulphur When a group of atoms is enclosed in brackets, 
a figure after and under the bracket multiplies all within it ; fpr 
example, Ph(NO,), is another way of writing PbN, 0 ,. Sometimes 
it is convenient to represent the atoms of a molecule as divided 
into two or more groups; this may be done by writing the 
formulie of the groups, and separating each simple formula by a 
full stop. Slaked lime, for instance, has the formula CaH, 0 , ; or, 
aa already explained, we may wite it Ca(nOL ; or, if for purpose.^ 

5 of explanation we wished to look on it as lime (CaO) and water 
(H, 0 ), we could write it Ca 0 .H, 0 . A plus sign (-i-) has a 
difierent meaning ; CaO + H ,0 indicates quantities of two sub- 
i^ces, water and lime, which are separate from each other. Tlie 
ttgn of equality ( = ) is generally used to ^parato a statement of 
the reagents used from another statement of the products of the 
reaction; it. may be translated into the word “ yields ”<ir ‘'be- 
doknes.'^ The two statements form an equation^ 

< Ignoring the quantitative relation, the meaning of the ’ 
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^0+H,0 = 0a0.1t,0 is: "lime and water yield slaked lime." 
By memng to a table of atomio weights we can elicit the anan- 
titotave relations thus ^ 


CaO + n.o 

I I 

Ca = 4o 11 = j = i xa 

0 -)6 0 = i 6 

^6 i8 


CaH,0, 

I 

Can 40 

H, = 2 9 1X2 

C, =32= i6 X 2 


n • • • 74 

Or, putting it in words, 56 parts of 'lime combine with i8 parts of 

water to form 74 parts of slaked lima This equation enables 
one to answer such a question as tJiLs :~-How much Hme must be 
- used to produce i cwt. of slaked lime ? for, if 74 lbs. of slaked 

Hme require 56 lbs. of Hme, 112 lbs. wiU require dr 

about 84I lbs. ^ 

As another example having a closer bearing on assaying take 
order to as.say 5 grams of ‘black 
^ process, bow much potassic cyanide 
(KCN) will be requn-ed ? " The reaction is ^ 

SnO, + 2KON Sn + 2KCNO 

V I 

Sn*=ii8 K = 39 
C=:‘l2 
N = 


0,*= 32 


ii 4 


ISO 


mat is sought for Lcre^ the r^totion between the qnaatitiee 

*11 tw’ fn ® formula multiriiei. 

ell t^t follows up to the next stop or plus or equality aien. ^a ' 
question is now resolved to this: if ijo gm^g of oidde of tin 
require 130 grams of cyanide, how much wiU 5 grame leouiret - 
»So : 130 :: 5 : a ^ 

X =5 . 4*33 gromSa 

A problem of fluent occurrence is to find the peivMtue 
eompomtion of a substance when its formula has been riven. 
«aaple: “What perrentage of iron is contained in a'minwy.,] 
Wg the formula 2Fe,0j.3H,0 1 " Bringing this fdhnnla M 
gether we have FejlijO,. £Hnd the molecular weight. 

Fe, 9 224 - $6 x 4 

H, as 6 S 3 X X 6 

fO, a 144 a; ig X ' 9 


^74 







Then we get : 3^4 parts of the mineral coptain 224 of iron. How ' 
much will 100 contain 1 

374 : 224 100 : x 

X « 59.89. 

And the answer to the question is 59.89 per t^oiit. 

Again, suppose the question is of this kind How inueh 
crystallised copper sulphate (0uS0^.5H,0) will be required tot 
make 2 litrey. of a solution, i c.c. of which shall contaiit 0.0016 
gram of copper ? ” * 

A litre is 1000 c.c., so, therefore, 2 litres of the solution must, 
contain 0.001 gram x 2000, or 2 grams. How much crystallised 
copper sulphate will contain this amount of metal ) 

Cu = 63.3 • 

S = 32.0 

0^ m 64.0 = iC X 4 

5H,0 = 90.0 n X 5 


249*3 

If 63.3 grams of copper are contained in 249.3 gw^nis of sulphate, 
in how much is 2 grams contained. 

' 63*3 : 249.3 *• ^ giams : x 

X = 7>8769 grams. 

The answer is, 7.8769 grams must be taken. 

As a' sample of another class of problem similar in nature to the 
last (but a little more complicated) take the following : — “What 
weight of permanganate of potash must be taken to make 2 Htr^ 
of a solution, 100 c.c. of which shall be equivalent to i gram ctf 
iron ? ” In the first place the 2 litres must be equivalent* to - 
30 grams of iron, for there are 20 x 100 c.c. in two litres. In 
the titration of iron by permanganate solution there are two rw* 
actions. First in dissolving the iron 

Fe + H,SO. « FeSO, + H, 

56 


. land second, in the actual titration, 

|ioFeSC^+ sKMnO. + 9H.SO, = 2MnS0, + 4 aKHSO, 

* 4 + 8 H ,0 • 

K =39. 

. Mn > 55 
O4 


t58x3»3i6 

confined to the two 



mr-BOOE Or^ASSATQTG. 


fa 

f 

f 

oon8iideratioii*-viz., Fe aud KMnO^. In the second equation we 
&id 3x6 parts of the permanganate are required for 10 molecules 
of FeSO^ ; and in the first equation 56 parts of iron are eqqiva* 
lent to one molecule of FeSO^, therefore 560 of iron are equiva- 
lent to 316 of permanganate; and the question is, How much of 
the permanganate will be equivalent to 20 grams of iron 1 
560 : 316 :: 20 grams : x, 

a; = 11.286 grams. 

The answer is 11.286 gi'ams. 

Very similar to this last problem is the question suggested 
under the head “ Indirect Titraiibn ” (p. 43). ‘‘If 100 c.c. of 
the ^standard permanganate solution are equivalent to i gram of 
iron, how much peroxide of manganese will they be equivalent 
to ? ” The equation for dissolving the iron is already given ; the 
second equation is 

aFeSO, + MnO, + 2H,S9, =»= Fe,(SO,), + MnSO, + 2H,0 

i 

Mn = 55 

0 , =32 ^ 

87 

It will be seen that 87 grams of peroxide of manganese are 
equivalent to 112 grams of iron. |low much then is equivalent 
to I gram of iron 1 

112 : 87 i gram : x 

a; = 0.7767 gram. 

* It is sometimes convenient to calculate the formula of a sub- 
stinoe from its analysis. The method of calculating is shown by 
the following example. Bequired the formula of a mineral 
which gave the following figures on analysis : — 


Oupiic oxide (CviO) 

• • • 

. 10.58 

Ferrous oxide (FeO) . 

. 

. 15*69 

Zinc oxide (ZnO) . 

« . 

. 

Sulphurio oxide (SO,) . 

. . . . 

. 28.82 

Water (H, 0 ) . . , , 

. . . 

. 447 » 



100.15 


I^t find the molecular weights of CuO, FeO, ihc., and divi^ 
tlie corresponding percentages by these figiu'es. Thus, CuO m 
^3.3 + 16=79*3 and 10.58 divid^ by 79.3 gives 0.1334. Sinu? 
,bily FeO = 56 + 16 = 72 and 15.69 ivideu by 72 ^ves 0.^79. 
I^teri in the same way the oxide of zinc, sulphuric oxide /w, 
water give as results 0.0043, 0.3602 and 2.484. 

Ola^y the results as follows >-> 
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Basel. 

Acids. 

Water. 

CuO 0.1334 
^ FeO 0.2179 
* ZnO 0.0043 

SOg 0.3602 

HgO 2.484 

RO 0.3556 

.. RO, 0.3602 

,. Rp 2.^84 


The figures 0.3556, 0.3602 and 2.4S4 should be then divided by ' 
the lowest of them -i.A., 0.3556 ; or where, tis in this case^ two of 
the figures are very near each other the mean of these may be taken 
— t.e., 0.3579. Whifihovcr is taken the figures got will be approxi- 
mately I, I and 7. The formula is then 110.803.711^0 in which 
R is nearly fths copper, |ths iron and a little zinc. 

This formula reqniies the f^illowing percentage composition, 
which for the sake of comparison is placed side by side with the 
actual results. 


Cupric oxide . 
Ferro as oxide • 
Zinc oxide , 

Sulphuric oxide 
Water 

Calculated. 

. . •. 11.29 

• • • *5 37 

. . . ml 

. . . 28.-47 

. 44.84 

Pound. 

10.58 
... ‘ 15.69 

0.3S 

28.82 
... 447* 


WV7 

... i ou. 1 5 


Trimming the results of an analysis to make them lit in more 
closely with the calculations from the formula would be foolish 
as well as dishonest. There can bo no doubt that the actual 
analytical results represent the composition of the specimen much 
more closely than the formula does ; although perhaps other 
specimens of the same mineral A\ould yield results which would 
group themselves better around the calculated results than 
around those of the fii-st specimen analysed. It must be re- 
membered that sub.stances are rarely found pure either in nature 
or in the arts j so that in most cases the formula only gives an ■ 
approximation to the truth. In the case of hydrated salts there 
is generally a difficulty in getting the salt with exactly the right 
proportion of water. 


PRACTICAL BXERCISEa. 

The following calculations may be made : — 

1. Calcukte^ standards in the following cases — 

(a) Silver taken, 1.003 gram. Standard salt nsed, loai? o.a 
(0) Iron taken, 0.7 gram. Bichromate nsed, 69.6 c.a 
% Calculate percentages • 

(a) Ore taken, t gram. Solution used, 65.2 0.0. Standard, 0.987 
gram. 
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(6) Ore taken, i grani. Barium sulphate got, i. 433 gram. Barium 
sulph&te contains 13.73 per cent, of sulphur, and the per- 
centage of sulphur in the ore is wanted. 

(e) Barium sulphate is BaSO^. Calculate the percentage of* sul- 
phur it contains, for use in the preceding question. 

3. A method of estimat ing the quantity of peroxide in a manganese ore 

iff based on the following reactions : — 

(1) MnO, + 4HCI = MiiCL + CL + 2ILO. 

(2) Cl + KI = KCl + 1 . 

' To Ijow much MnOj is i gram of Iodine (I) equivalent f 

4. A mineral has the following composition 

Carbonic acid (CO,) ^ . ,19.09 

Coj)per oxide (CuO) . , . 71.46 

Water (H, 0 ) . . . .9.02 

What is- its fornmla ? 

5. How much copper is contained in 1.5 gram of crystallized copper sul- 

phate (Cu 80 ^. 5 H, 0 ) ? How much of these crystals must be taken 
to give 0. 4 gram of copper ? 

6. How much ferrous sulphatQ crystals (FeS04.7l^0) must be taken to 

yield 2 litres of a solution, loo c.c. of which shall contain 0. 56 
gram of iron ? 

7. Galena is PbS, and hasmaiAte Fe, 0 ^ Wbat percentages of metal do 

these minerals onrraia f 
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CnAI'TEK VIII. 

SPECIFIC ‘gravity. 

The relation of the Aveight of a si^bstance to its volume should be 
kept ill mind in all cases where both weight and volume are dealt 
with. Students are apt to imagine thc'it on mixing equal volumes 
of, say, sulphuric acid and water, an acid of half the strength must 
be obtained. If the statement of strength is in parts by weight 
this will load to consideiuulo error. For example, loo c.c. of sul- 
phuric acid containing 98 per cent, by weight of real acid, will, if 
diluted with 1 00 c.c. of water, yield a solution containing not 49 
per cent, by Aveight, but about 63.5 per cent, of the acid. The 
rpason is this : the 100 c.c. of sulphuric acid weighs 184 grams, 
and contains 180.33 grams of reiil acid, while the 100 c.c. of water 
weighs only 100 gram.s; the mixed water and acid weighs 284 
grams, and contains 180.32 of real acid, which is equivalent to 
nearly 63.5 per cent, by weight. If, however, the method of 
stfitement be volumetric, it would be correct to say that doubling 
the volume halves the strengt>h : if 100 c.c. of brine contains 10 
grams of salt, and is diluted with water to 200 c.c., it would be of 
one-half the former strength, that is, loo c.c. of the solution would 
contain 5 grams of salt. 

This confusion is avoided by always stating the strengths as so 
many grams or “ c.c. ” in 100 c.c. of the liquid. But obviously it 
Would be advantageous to be able to determine quickly the weight 
of any particular substance corre.sponding to i c.c. or some other 
"Volume. Moreover, in descriptions of processes the 
.fctiengths of acids and solutions are frequently defined neither by 
their gravimetric nor volumetric composition, but by a statement 
either of specific gravity or of the degrees registered by Twaddell’s 
.^r' Beaum^’s hydrometer. Thus, in the description of the process 
of. gold parting, one writer gives: **The acid should be of i.a 
epbcific gravity ” ; and another says : The acid must not be 
stronger than 32* Beaum^.” * * 

T^ese oonsiderations justify an account of the subject in such t 
work jjip ihte. And on other grounds the delerminatinu of a speeifio 
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gravity is one of^the operations with which an assayer should be 
familiar. 

The meaning of “ specific gRivity ” is prcjsent in the mjnd of 
every one who uses the sentence “ lead is heavier than water.” 
This is meaningless except some such phrase as “ bulk for bulk ” 
be ndded. Make the sentence quantitative by siiying : “ bulk for 
bulk hiad Ls 1 1.36 timt« heavier than water/' and one htis the exfict 
meaning of: “ the specific gravity of lead is 1 1.36.” A table of the 
specific gta\uties of liquids and solids shows how many times 
hejivier the sul)siances are than water. 

It is better’, however, to look tipon the specific gi’avity (written 
shortly, sp. g.) as tlio weight of a substance divided by its volume. 
In the metric system, i c.c. of w*ater at 4" 0 . weighs with sufficient 
exactness i gram ; consecjuently, the sp. g., which states how many 
times heavier than water the substance is, also expresses the 
weight in grams of one c.c. of il. So that if a 100 c.c; flask of 
nitric acid weighs, afku’ the weight of the flask has l>een deducted, 
120 grams, 1 c.c. of the acid weighs 1.2 gram, and the sp. g.is 1.2. 
The specific gravity, thfjfi, may l)e determined by dividing the 
W'cight of a substance in gram.^i by its volume in c.c. ; but it is mor^ 
convenient in practice to determine it by dividing the wcujlii of t%e 
mhstartce hy the weiylU of an equal volume of water. And since tfie- 
volumes of all substances, water included, vary witli the tenJpera- 
tui*e, the temperature at which tbe'sp. g. is determined shcfuld'be 
recorded. Even then there is I’oom for ambiguity to the.^extont 
tliat such a statement as the following, ihe specific gravity of the 
substance at so^C. is 0.9010,” may mean when compared with water 
at 50" C. or 4“ 0 .; or even 15.5" 0 . For practical purposes it 
should mean the fii'st of these, for in the acjtuaf experiments the 
water and the substance are compared at the same temperature, 
and it is well to give the statement of results without any super- 
fluous calculation. In the metric system the standard temperature 
is 4“ C., for it is at this point that 1 c.c. of water weighs exactly- 
I gram. In England, the standjurd temperature is 60" F. (15.5" C.), 
wliich is supp(ASt?d to he an average temperature of the balance- 
room. The convenience of the English standard, how’evei', is 
merely appai’oni ; it demands warming sometimes and sometimes 
cooling. For most purposes it is moi*e convenient to select a tem- 
perature sufficiently high to avoid the necessity of cooling at any 
time. Warming ,to the required temperature gives very little 
trouble. 

Determination of Specific GrB\ity.~>There is a quick and 
easy method of determining the density or sp. g. of a liquid; based ^ 
upon the faft that a floating body is buoyed up more a beaty 
liquid t^an by a light one. The method is more remarkable for 
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speed than accuracy, but still is sufficiently exa^t. The piece of 
apparatus used for the purpose is endowed with a variety of 
names— sp. g. spindle, li\drometcr, ai-eometer, salimeter, alcoholi- 
meter, lactometer, and so on, according to the special liquid ujwn 
which it is intended to he used. It consists of a (h^-it with a sinker 
at one end and a graduated tube or rod at the ot her. It Is made 
of metal or glass. Generally two are recpiired, one for liquids 
ranging in sp. g. from i.ooo to 2.000, and ^ * 

anothci', whicli will indic^ate a sp. g. between 
0.700 and 1.000. The range depends on tiie 
size of the instrument. For special work, 
in which variations within narrow limits are 
to 1)0 determined, more delicate instruments 
with a narrower range are made. 

In using a hydrometer, the liquid to he 
tested is placjcd in a cylinder (tig. 34) tall 
enough to allow the instrument to lloAt, and 
not too narrow. The temperature is taken, 
and the hydrometer is immersed in the fluid. 

The mark on the hydrometer stem, level with 
the surface of the liquid, is read off. With 
transparent liquids it is best to read the mark 
under and over the water .surface and take Fio. 34. 

the mean. 

The graduation of hydrometers is not made to any uniform 
system. Those marked in degrees Baume or Twaddell, or accord- 
ing to specific gravity, are must commonly used. The degrees on 
Baume’s hydrometer agree among themselves in being at equal 
distances along the stem; but they are proportional neither to 
the specific gravity, nor to the percentage of salt in the solution. 
They may be conveHed into an ordinary statement of specific 
gravity by the following formulae ; — 



Sp-g- = l 


M 4-3 


144.3 -degrees l^aum^. 
or putting the rule in words, subtract the degrees Baum^ from 
^44.3, and divide 144.3 number thus obtained. For 

03 D|mple : 32“ Baume equals a sp. g. of 1.285. 

^ MM ^ j ,8 

. * 44 - 3-32 * 12-3 . 

' ^ This rule is for liquids heavier than water ; for the lighter 
liquids the rule is as follows : — 

g 146 

*” 136 degrees Baume. 

or in ^orda divide 146 by the number of degrees Baum 4 added 
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to 136, For example : ammonia of 30* Beaume has a ep, g. of 
0.880 (nearly). ‘ 

146 146 _ 

— 7 = = 0.S795. 

136 + 30 166 

A simple series of calculations enables one to corivei’t a Beaum^ 
hyclroinoter into one showing the actual sp. g. GraduatioOi 
according to sp. g. is the most convenient for general purposes. 
In th(4«e instruments the distances between the divisions become 
less as the ‘densities increase. 

Twad dell’s hydrometer is graduated in this way : Each degree 
Twaddell is 0.005 in excess of Vinity. To convert into sp. g. 
multiply the degrees Twaddell by 0.005, example ; 

25* Twaddell equals a sp. g. of 1.125. 

25 X .005 = 0.125;*+ 1.000=1.125. 

Thei’c is a practice which ignores tlie decimal point and speaks 
of a sp, g. of 1125 instead of 1.125. In some cases it is con- 
venient, and inasmuch as n^ substance has a real sp. g. of much 
over 20, it can load to no confusion. Thefiguius expressed in this 
way represent the weight of a liti e in grams. 

Some hydrometers are fiuduated .so its to show at a glance the 
percentage composition of the liquid they are intended to be used 
with. Gay-Lussac designed one to show the alcoholic strength of 
mixtures of alcohol and water ; the construction of others upon, J 
the same principle is ea.sy and j)crhaps useful. But when tj^\ 
principle is applied to complex liquids and mired solutions, 
mislcaiding. v* 

\ The various methods of graduation ought -all to give pfece to 
one showing a simple statement of the sp. g. 

The method of determining sp. g. with the hydrometer is 
obviously inapplicable to tho case of solids, and in 
the case of liquids it should not he used where exact 
figuras are required. There are several other methods 
which may be used, but on the whole those with the 
specific gravity bottle Jire most convenient. 

The speoifio gravity bottle (fig. 35) is a light 
flask of about 25 c.c. capacity, provided with a well- . 
fitting perforated stopper. It is essentially a gradu- . 
ated flask, which measures a constant volume, but, it. 
does not much matter wbat the volume is. 

In UiMng tlie sp. g, of a Ugwid (or, wh(U if 
same thing ^ a fusli solid) there is wanted the 

Fio. 35. (i) the flaskful of w^atf-r and (2) of the flaaifTii ^ 

* of^the liquid. Dividing the seqond by the 
1^0 required sp. g. The actual weighings required are— 
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of the dry and empty flask, 

(2) of tho flask filled with water, and 
• \3/ of the flask filled with the liquid. 

The weighing of the flask onoe made need not be often repeated. 
It is well to do so now and then for safety’s sak(i : but one weigh- 
ing will serve for a l^ge number of determinaiions. The same 
remarks apply to tlie weighing of the bottle filled with water. 
The bottle is dried by rinsing out first with alcohol and aftei^varda 
with ether ; ether is very volatile, and a short exposure in a warn 
place will soon drive off the little remaining about the sides. The 
ether vapour should be sucked out through a glass tube. See that 
the bore of the stopper is dry as well as the bottle. Let the dry. 
■bottle stand in the box of the balance for a minute or two before 
weighing. Tiie weight is, strictlj speaking, not that of tho empty 
bottle, but of the bottle filled with air. The .jmpty bottle would 
weigh from 20 to 30 milligrams less. Correcting for this would, 
in most , eases, only make a difference in the fourth place of 
decimals,* so tliat it is better to ignore the error. 

Tho weight of tlie flask filled with water is got by filling it with 
di.stilled water, and inserting the stopper. The excess of water 
will overflow at the margin and through the boro. The bottle is 
wiped with a soft, dry cloth, taking care not to sqteeze or warm 
the bottle. The bottle will remain filled to the top of the stopper. 
It is allowed to stand in the balance box for a minute or two, and 
then weighed. 

Distilled water, as stated, should be used ; the use of ordinary 
I'' water may increase the weight by 5 or 6 milligrams. Many 
waters, if they have not previously been boiled, give off bubbles 
of air which render the weighing worthless. 

The temperature of the water is of greater importance ; lower- 
ing the temperature 2* will increase the weight by 10 or 12 milli- 
grams. A beaker of water may be warmed or cooled to the re- 
^ quired temperature; then the bottle is filled from it, and quickly 
weighed. If the balance-room is cooler than tho water, the latter 
will draw back into the bottle, and a few small bubbles of air will 
enter; but even in extreme cases this will only increase the 
weight by a very small fraction of a milligram. There is more 
' trouble caused when the room is warmer, for the liquid then ex- 
' pands and protrudes as a drop resting on the top of the stopper. 

The difierence of 20 or 30 milligrams is disregarded here beoanse it 
s' detracts equally from the actual weight of the water and liquid to be 
determined. If the liquid is a heavy one the difference shows itself in the 
.third or second place of decimals. The correction may be giade by deduot- 
weight of the flask 0.0013 grams for gram of water it 
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There will in tills fase be loss by evaporation, which in the case of 
the more volatile liquids, such as alcohol, is serious. To prevent 
this loss, as well as any that may arise by overflow, the stopper . 

should be dilated above into a small cup, A (fig. 36), 
which may itself be stoppered. In a bottle of this 
kind the neck of the stopper is graduated, and the 
liottle is considered full wdicn the licpiid stands at the 
level of the mark in the neck. On inserting the stop* 
'per, the liquid rises into the cup, and is reduced to 
the level of the mar-k by absorption with pieces of 
filter-] jaf^T. 

For most purposes, however, there is no need for 
cooling and allowing^ room for subsequent expansion. 
I’he jussayer, as a rule, can select his own standard 
Fia. 56. tempoj'atiirc, and may choose one which will always 
necessitate wariuing. It will ])r handier in this case 
to have a bottle with a thermometer stopper. Of the two types 
shown in fig. 37, that with the external thermometer tube (A) is 
more generally icicfiil. 

The bottle is filled at a iSwer temperature, and is tlien gently 
warmed so as to slowly raise the tem- 




perature to the required degree. The 
superfluous liquid is. then at once wiped 
ofl', and the bottle cooled and weighed. 

' The weight of the flask filled with the, 
liquid whose sp. g. has to be determined 
is ascertained in a similar way. Of 
course the temperature must be the 
r same. If the liquid does not mix with 
j water, the bottle should be dried before 
. ' filling, but otherwise the flask need only 

^ be rinsed out two or three times with the 
I liquid. 

I Having obtained the three weighings, 

9 deduct the weight of the bottle from 
each of the othera to get the weights of 
jj the water and liquid respectively. Divide 


Fia. 37. the latter by the former, the result showsi 


. ^ the sp. g. As an example, take the fol- 

lowing, in which a mther large sp. g. bottle wjaj used : — 


1. Weight of bottle 39*299 gi'am 

^2. Weight of bottle and water , , , . 81.884 „ 

*3. Weight^of bottle and paraffin . . ‘ , 73.146 „ 

By subtracting i from 2 and 3 the I’csult is as follows t— 
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<{1.884 grams 

39.299 .. 

42. 58s of water. 


73. t /^6 grains 

39299 » 


33.847 of p.'T;<IHn, 


Divide the w ciglit of the paraffin by tliat of the water— 


42 585) 33- «47o (0.7948 

29.8095 


The sp. g. of \ c paraffin is 0.7948. 

TJu sp. g. of a fmihle solid ma/be obtained in the same way at 
a tempeiuture some degrees above its fusing pf>int. 

The sp. g. of a solid in powder or gravel suficientlif fine to pass 
through the neck of the bottle is easily flcteimined. If the bottle 
filled with water weighs 50 grams, and there is phiced on the pan 
alongside of it 20 grams of a »ind, the weight of the two together 
will of course be 70 grams. But if the sjuid is put in the bottle, 
it evidently displaces its own bulk of water ; and if, on again 
weighing, the weight is found to be 62 instead of 70 grams, it is 
be<!ause the 20 grams of sand laus displaced 8 grams of water. 
Bulk for bulk, the sand is 2| times as heavy. 

In practice, the weight of the lx>ttle filled with water will pro- 
bably be already known; if not, it must be determined. A 
certain quantity, say 20 gi-ams, of the powdered suKstance is then 
transferred carefully to the bottle. The bottle need not be dry 
inside, but its neck and outside must be. In making this trans- 
ference a careful worker will make no loss, and the mode of work- 
ing saves a little time. But it is better to weigh the dry flask ; 
put into it 10 to 20 grams of the powder, and weigh again. The 
increase in weight gives accurately the weight of powder in tlie 
bottle. About two-thirds fill the bottle with distilled water, and 
mix with the powder by gentle shtdeing. Air bubbles will disen- 
tangle themselves, and rise to the surface of the water. Wash 
back anything adhering to the stopper with a jet of water, and fill 
the bottle almost to overflowing. Allow it to stand for a minute 
Ojp so ; replace the stopper ; warm to the required temperature ; 
l^e oflT the superfluous moisture; wipe and, weigh. As an 
siample, take the following ; — 


1. Weight of bottle 

2. „ „ bottle filled with water 

3. „ „ bottle with wolfram . 

4. « If bottle with wolfram and water . 


12.681 grame * 
37^08 „ 

40.821 „ 

61.199 , 
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Subtract (i) from (3) to get the weight of wolfram taken J 
40.821 grama 
12.681 „ 

28.140 

add the weight of the wolfram to the weight of the bottle filled 
with '.vater : 

28.140 grams 
37-708 „ 

65.848 yy 

subtract (4) from this to get the weight of water displaced : 
65.848 grams 
61.199 »» 

4.649 „ 

Divide the weight of the wolfram by the weight of the water 
displaced to get sp. g. : ^ 

4.649) 28.140(6.053 
27.894 


J/ the solid is soluble in water ^ or has a tendency to fioed^ settne 
liquid other than water is used. Pai’afiin oil or oil of turpentine 
will do. The process is as follows : — ^The w^eight of the dSry and 
empty bottle having been determinedy add a sufficiency of the sub- 
stance and weigh again to find how much has been added. Fill ■ 
up with paraffin oil and weigh again. Clean out the substance by 
rinsing with paraffin ; fill up and weigh. Calculate the sp. g. as 
if water had been used, and multiply by the sp. g. of the pr affin. 

For example : 

1. Weight of bottle 39.299 grams 

2. ,1 M bott le and nitre . . . 57.830 „ 

3. „ „ bottle and paraffin . . , 7^146 » 

4> If i> bottle and paraffin and nitre . 84.665 „ 

^5* (f M bottle and water . . . 8i.884 ^ 

First from (i), (3), and (5), calculate the sp. ,g. (Jf the pai(7lJBa:; 
as already showii! It will be 0.7948. Deduct (i) from 
get the weight of the nitre : ' ’ 

57.830 graiM 

39299 n 

* 8 - 53 » • 
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this to (3) : 18,531 gramg 

73-146 


9T;677 » w , ^ 

and deduct (4) to find ibo weight of tho equal of paramn % 
91.677 gram.s 
84.665 „ 


7.012 „ 

divide the wciglit of the nitre hy tho weight of the paraffin ; 
7.012) 18.531(2.6427 


The yp. g., taking {jiuailin aw the stiuidard instead of water, ig 
2,6427. Multiply this hy the fip. g. of paraffin, 0.7948, and the re- 
sult is 2.1004 as the sp. g. of nitre copiparcd with water. 

Similarly, a sp. g. coinjiavcd with water at say 50“ C. can he con- 
verted into one compared with water at stsindard temperature, by 
multipljing by the sp. g. of water at 50* C. Tho following table 
gives tho sp. g, of ^vater at various temperatures : — 


Doffreos 

CenlTtjradc. 

Bp. Q. 

DcgrcM 

Ceutikrade. 

Sp. 6 . 

Dpprcei 

Cciiligrade. 

Sp.G. 

4 * 

1.0000 

20" 

0.9982 

40“ 

0.9923 

10' 

0.9997 

25’ 

0.9971 . 

50 “ 

O.9SS1 

* 5 ’ 

0.9991 

: 30“ 

0-9957 

100 

0.9586 


If, for example, a substance at 50" C. has a sp. g. of 0.9010 as 
compared with water at 50" C., it will have (compared with water 
at 4* C.) a sp. g. of 0.9010 X 0.9881 ; or 0.8903 The figures 0.8903 
represent the sp. g. of the substance at 50“ C. compared with wat<ir 
at 4’ 0 . Except in compaiing the sp. gravities of the same sub- 
gtance at difierent temperatures, a calculation of this kind serves 
no useful purpose. 

In taking the specific gravity of a solid not in powder, a lump of' 
li- is freed from loose particles and its exact weight determined. 

' By moaxta of a horse hair with a slip knot it is suspended to the 
ilalanoe, and beneath it is placed, out of contact with tho balance 
I1N. a teker of distilled water. The horse hair must bo long 
.Enough to keep the mineral well benoath the surface of the water 
^ $g to allow the balance to vibrate. Air bubbles are remqved' 
touching with a camel-hair pencil. Whilst the minenJ is 
l^ended in water tho weight is again taken. It will weigh less 
and the difference between the two weighings gives 
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the weight of wat 4 r (and consequently the volume) displaced by 
the mineral. Tlie weight in air divided by the difference is the 
BjHHiilic gravity. Thus * 

Weight, in air 3,2170 grama 

Woi^Mil in water 2.7050 „ 


DiPToronrfi ... . 0.5120 gram 

3,2170 + 0^5120 equals 6.28, the sp. g. 

The sp. g. of a substtince depends m.'iinly on its composition, 
but is affected by certain c*ondi|iions. The effect of tempem- 
ture has been alrendy considered. Air holes and om])ty spaces 
le.ssen the 8p(‘eifie gravity of otherwise solid hodie.s ; and metals, 
whitdi .after fusion become imp^‘i*fect solid.s, have their density 
increased by baiiimeiing or rolling. But metals when free 
from pores litive their (lensity dirnini.slied wlien rolled, without 
an mealing. The effects of the.se conditions are slight when 
compared with those due to the presence of impurities. 

For simple substances, or ini.vtures of only two substances, 
n detorminafien of sp. g. i^ snflieient check on the composition 
for lusiiiy pnu’tieal purposes ; and with more com])lex mi^ures, 
such as slags and some of the products of dressing operations in 
which the material does not difler much in its nature from time to 
time, such a def ennination will yield information of considerable 
value, and afford a cliock.upon the proper working of a procass. 

When the mixing of two substances is accompanied by a change 
in volume, the sp. g. of the mixture cjui only be learnt by experi- 
ment, Blit when llic substances h.ive no such ac*tiou on each 
other the resulting sp. g. can be calculated. Some of these calcu- 
lations have a practical int/erest as well as an educational value. 
Students should practise thorn so to become familiar with the 
relations between w'cight and volume. 


When siihstances are mixed by volumey the sp. g; of the mixture 
is the mean of those of its constituents, and may be calculated 
in the usual way for obtaining averages, i c.c. of a sub- 
stance having a sp. g. of 1.4 mixed wdth i c.c. of another having 
a sp. g. of 1.0 will yield 2 c.c. of a substance having a 
Bp. g. of 1.2. If, however, we write gram insteivd of q.c. in 
the above statement, the resulting sp. g, will be 1.16. Tbe 
(Simplest plan is to remember that tlic sp. g. is the weight divided 

by the volume (sp. g. = - j and the sp. g. of a mixture is the sum 

of the weights divided by the sum of the volumes (sp. -,g.5» ^ 

In the above example the sum of the volumiBB ! 

+ V , A’c. / ^ 

*ii 2 c.c. f the" weights (got by multiplying each volugL€l,,by itii' 
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corresponding sp. g.) nre 1.4 gram and i giom. The sum of the 
weights divided by the sum of the volimies is — or 1.2, 

The sp. g. of H mixture of 10 c.c. of a substuuee luiving a sp. g. 
of 1.2, with 15 c.c. of another having a sp. g. of 1.5 may be thus 
found : — - ' 


I2f22.q ^ * 

sp. g.^ =1-38 

10+15 

multiply each volinue by its sp. g. to get its weight : 

10 X 1.2 = 12 15 X 1.5-^ 22.5 

25).U-5(j-38 

-A. . 

9 S, *(tc. 

The sp. g. mil Ix! 1,38, pvovi.lod the mixture is not aecompur 
nied by any change of volume. ^ 

The same formula will serve when the proportion of the i»igro- 
dients J.S given by weight. A mixture of 4 parts by weight of 
galena (sp.g. 7.5) vvith 5 parts of blonde (sp. g. 4) will have a 
^P- S- 5-00 •* 

sp. g. B _ 9 « e qA 

0.53 + 1.25 1.78 

It is net‘essary in this case to c'alculate the volume.s of the 
plena and ol the blende, wdiich i.s done by dividing the weights 

.j jP* : thus, 4 divided by 7.5 gives 0.53 and 

.5 divided by 4 gives 1.25. 

The converse problem Ls a li(.tl<> more difficult. Given the 
sp. g. of a mixture ami of each of tlie two ingredients, tlie ner- 
cenWe by weight of the heavier ingredient may be ascertained 
by the Mowing rule, which is best expresseii as a foi-mula. 
Ibere are three sp. gravitias given ; if tlie liigliest lie written U, 
the lowest L and that of the mixture M, then : 

Percentage of heavier mineral == 

M X (II - L) 

Suppose a sample of tailings lia.s a sp. g. of 3.0, and is made 

(‘^P- 5*0 : then the per- 
centage of pyrites is 27 : * o ^ i 


100 X 5.1 X ( 3 - 2.6) _ 510 X 0 .4 _ 204 
3 \5'* “■ 2.6) 3 2'5 ”77^ ^* 7 '* 

The same problem could be solved with the help of a Itttle 
Mgpbra by the rule hlreauy given, as thus : the sp. g. of a mixtui/ 
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equals tho sum of the weights of the constituents divided by the 
sum of the volumes. Then loo gi“ams of the tailings with afpor 
cent, of pyrites contain loo-as per cent, of quartz. Tho sum of 


the weights is loo. 
loo-a 

quartz' 


The volume of the pyiites is 


5*1 


and of th'' 




204 = 7.5a; 

and X- 27.2 

If the percentage (P) and ap. g. (II) of one constituent and the 
sp. g. (M) of the mixture are known, the sp. g. of the other con- 
stituent may be calculate^ by the following formula, in which 
X is tho required sp.g. : 

(loo-P)xMxH 

®”(looxH)-(Px'^ 

For example, “ tailings” (sp. g. 3.0) containing 27.2 per cent. ^ 
of pyrites (sp. g. 5,1) will contain (100-27.2), 72.8 per cent, of' 
earthy matter having a mean sp. g. of a; .* 

^ ^ (ioo-27-z)x3^5-i 

(ioox 5 .i)-( 27 . 2 x 3 ) 


1113.84 

42S.4 


= 2.6 


The differences in sp. g. corresponding to differences in strength 
have been carefully determined and tabulated in the case of the 
stronger acids and of many other liquids. Such tables are given 
at the end of this book. 


To Calculate the Weight of a Measured Voluim of Mineral or 
Hock . — Multiply the cubic feet by 62.4 and then multiply by tha 
sp. g. of the stuff, the answer gives the weight in pounds. For 
example, 100 cubic feet of quartz weighs 100 x d2.4 k 2.6« 
16,224 lbs. The weight of any mass of mineral of knbwn 
and sp. g. is ascertained in this way. % 

The following table gives the specific gravities of some of 
commoner minerals. 


Barytes. . . 4.5 Fluor . 

Blende . . .40 Galeua . 

Calcite . . .2.6 Hecmatite 

•*Oas^terite . .6.9 Mispickel 

Ohalybite . . 3-8 , Pyrites . 

pyrites * 4.2< \ Quartz .. 
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CHAFPeR TX. 

SILVER, GOLD, CYANIDES, PLATINUM, 
MERCURY. 

SILVER. 

Silver is widely diflTused, and has been found in most mining 
districts. It occurs native in sufficient quantity to constitute one 
of the chief ores of the metal. It also occurs combined with 
sulphur (as in argentite), with sulphur and antimony (as in.ste* 
phanite or brittle silver ore, and in pyrargyrite or ruby silver), 
and Muth copper, sulphur, antimony, and arsenic, as in polybasite. 
Chloride of silver occurs native as horn silver or kerargyrite. 
Silver is found in the ores of other metals, such as fahlers, which 
sometimes contains froin two to ten per cent, of the metal, and 
^ena, which is an important source of it ; in fact, galena is never 
found entirely free from silver. It is present also in greater or 
less quantity in the ores of copper and zinc. 

Silver dissolves readily in nitric acid, forming silver nitrate 
It only forms one family of salts, and of these the chloride and 
nitrate are of chief importance to the assayer. The formation of the 
chloride of silver on the addition of hydrochloric acid or a soluble 
<ffiloride to the nitric acid solution, serves for the recognition and - 
separation of silver. The precipitated chloride is white (becom- 
ing violet on exposure to light), insoluble in nitric aci4, soluble in 
ammonia, hyposulphite of soda, or concentrated Solutions of chlo- 
The btet confirmatory test is made by wrapping the pre- 
.ej^pitate in a little sheet lead, and cupelling, when the silver will 
bo in the metallic state, and is easily recognized. 

Ajttay. — ^This assay is made up of two,parts; (i) the. 
i^om^tration of the silver in a button of lead ; and (a) the 
tooMl^on of the resqlting alloy. The concentration olHhe 
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button of lead ma5r be eflbcted either by scorihcation or by fusion 
in a crucible. 

, The scorification assay is performed in a scorifier, which* is a 
shallow open-mouthed dish about 2| inches across, with a very 
thick bottom to enable it to withstand the corrosive action of the 
slag. A charge of more than 3 or 5 grams of the ore cannot be 
worked in one, and with such small charges the unavoidable 
variations iiave a serious effect on the figures reported. A differ- 
ence of one milligram on the weight of the button of silver got 
represents a diflerence of 6 or ,10 ounces per ton. With rich 
ores such variation is unavoidable under any conditions, and the 
only safe plan is to take the mean of several assays. But with 
poorer ores the accuracy of the« assay, as well as convoniencie in 
working, is much increased by working in a crucible with larger 
charges. 

In scorification the propqrtion of lead required for scorifying 
I gram of ore is in average teases from 10 to 15 grams, sinking in 
the case of galena to 3 grams, and rising with earthy and refrac- 
tory substances to from ^ to 40 grams. But by fusing in a 
cnicible with well-selected fluxes, a proportion of 4 of • flux to 
I of ore is generally sufficient ; and not only is the proportion of 
added matter less, but it is al.so easier t04Dani])uIate large quan- 
tities in crucibles, so that, although in some cases the crucible 
assay is more troublesome and less satisfactory, yet with poor 
and earthy ores it is the best method of dealing with them ; while 
when properly worked it yields results as accuiate as scorification 
does. As a general rule, if more than 5 grams of ore must be 
taken, the crucible assay should be adopted. 

Scorification Assay. — ^Tbe charge of ore is usually 3 grams, 
sometimes 5 ; the lead varies from 30 to 70 grams, and the quan- 
tity of soda, Iwrax, or powdered gla‘<s added varies from 0.3 to 5 
or 4 grams. It is generally recommended to have the lead granu- 
lated,* and to mix the ore with about half of it in the scorifier; 

then to put on the rest of the lead ; and 
finally to sprinkle the borax or glass on 
the top. It answers just as well, how- 
ever, to use the lead in the shape of 
foil, and wrap the ore up in it ; and if 
the ore contains much sulphur, the 
Fio. 38. ** bomx may with advjuitage be added 
(wTJipprd in a little tissue paper) sq^^^; 
ave or ten minutes after the* oj eiMtiem has started. 

, * Lead may tie grauuluieel b}' he tin>: it to a little above the ; 

pdfut, pooiitig it into a closed wooden box, and rapidly agitatoig it atl} ^ 
I aoudiflea* 
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The procoas of bcorification is as follows -A scorifier (fig. 38) 
of convenient size hjiving been selected (one 2J inches across is 
mo^ generally 
useful), it is 

dried at a gentle ' 

heat for about Fio. 39. 

ten minutes. 

The charge L then put into it, and it is introduced, with the 
help of a scoi ifier tongs (fig. 39), into a muflle heated consider- 
ably above redness. Tia» mu^c is then closed, and when the 
metal has melted down, it is opened, but the tempeniture is kept 
up. A ring of slag will, after a time, form around the metal, 
and when this appearance (knojvn jis the eye) presents itself, the 
temperature may bo lowered. When the eye has disappeared 
— that is, wJien the layer of shig 
has quite clo.sed in — a pinch of^ 
powdered cubn wrai)ped in tissu(‘ 
paper is added. As 8ot)n lus the 
slag has again become tranquil, the 
. scorifier is taken out, and its con- 
tents are poured into a mould (fig. 

40), the slag is detached, and 
saved. If the button of metal A'eighs more tlian 30 grams, 
^ts size is reduced by another scorification in the same scorifier, 
wliich shoukl have been replaced in tlie muffle immediately after 
the contents had been poured out. 1 f the ore is not a very rich 
one, the button of lead will carry practically all the silver ; but 
with rich ores it i.s more siitlsfjictoiy to save the slag, and subse- 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absoibed in the cupel, at one operation. Or, if tlie 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the scorifier may be powdered and mixed 
with 20 gi’ams of oxide of lead, 5 grams of borax, and i gram of 
charcoal. This should bo melted down in a small crucible, and 
,ihe resulting button of lead cupelled. 

If the scorification has been unsatisfactory, the quantity of silver 
obtained from the slag will boT)y no means inconsiderable. The 
lisu/il explanation is tbit with sulphury ores compounds pf metal- 
lic oxides and sulphides (oxysulphides) are fcrined, which remain 
in the slag, retaining considerable quantities of the precious metaL 
It is said that under certain conditions such a slag may contain 
‘ as much as lo per cent, of silver. An excess oil lead and a high 
temperature prevents the formation of these oxysulphides. But 
if much silver is present in the ore, the slag cannot be Welj 
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thrown away, evorfif sulphur is 'absent, and the process has been 
satisfactorily performed. 

If the crust which appears on the surface of the lead does not 
dear, add a small lump of borax and 20 giams more lead j then 
dose the muffle, and keep the temperature as high as possible. 
If the slag forms properly, but shows unfusod or only half -fused 
lumps, even when the scorification has proceeded for some time, 
add more borax, and stir with an iron rod. The slag adhering to 
the rod must be detached by hammering, and replaced in the 
Bcorifier. *• 

If the ore consists largely of quartz, soda should be added 
instead of borax ; or, if it contains much copper, powdered quartz 
may be used. If the scoritler at the end of an operation is more 
than usually corroded, the borax should be replaced in subsequent , 
assays on similar ores by powdered glass or quartz. 

If a fairly fluid slag is formed wliich does not clear from the 
metal and show the eye, more lead and a higher temperature is 
wanted. 

As a general ride, it may stated that when a scorification is un> 
latisfactory, what is wanted is more beat, more lead, or more borax. 

It is a safe plan when work has to be done on a strange ore, to 
make three or four assays with varying quantities of lead. ' The 
proportion of lead is right when a further addition does not yield 
a higher result. The proper proportion having been found, 
note of it should be made for future use. 

POT ASSAYS. 

The object o^the fusion in a crucible, like that of scorifica- 
tion, is to concentrate the silver in a button of lead which 
is to- be subsequently cupelled; and to retain the earthy and 
waste matters in the slag. It is necessary to consider the quality 
of the slag and the weight and quality of the lead. The slag when 
fused shoidd be liquid and homogeneous, and not too corrosive on 
the crucible. The button of lead should be soft, malleable, and 
free from a coating of regulus.* In weight it should not diflfer 
iuuch from the ore taken. With 20 grams cf ore, for example, a 
button of lead weighing from 18 to 25 grams will be satisfactory : 
less “than this would leave an undue proportion of silver in thA- 
sd&g; and more would be unnecessarily large for cupelling, 
v^ould increase the Idas in that operation. . ; 

With average ores, take 20 grams of th^ powdered ore and ^ 
with 30 grams of “ soda,” 40 grams of red-lead or litharge, 5 gnapiv 
of borax, and from 2 to 2.5 grams of flour, and place in ah £ 

* ^ rod . of iron placed in the crncible with the aenays will deoOdjpOilL;^ 
,fqiv regidusthat may he formea 
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cable (Battersea round). Put these in the furnace at a red heat, 
cover the crucible, au(] gradually raise the temperature until the 
whole charge has melted down and is in a state of tranquil fusion. 
Pour into a mould, and replace the crucible in the furnace. As 
ioon as the lead is solid, detach the slag and put it back into the 
jrucible ; and when it is again fluid, charge on to it with a copper 
scoop a mixture of 20 grams of oxide of leaii, and i gi*am of chiu'* 
Doal : when fusion has again become tranquil, pour and detach the 
button of lead. The lead buttons should bo hammered into discs 
wit^-. rounded edges, and be frM from slag ; if too big for a cupel 
they may be scorified together in a small scoiifier, but it is better 
to cupel them separately. 

Ores containing Metallio Oxides. — Peroxides of ii'on, 
manganese, and copper interfere by counteracting the eftcct of the 
chjxrcoal or flour, and thus reducing the size of the lead button. 
Peroxide of iron will rtiduce the wcigiit of lead by a little more than 
its own weight ; and peroxide of manganese has about twice this 
elfiect. When these oxides are prasent an additional quantity of 
flour must he used, and precautions must be taken to prevent re- 
oxidation of the'slag by the furnace gases. This may best be pre- 
vented by using a layer of common salt as a cover to the charge. 
When the ores contain a good deal of quartz or stony matter, the 
fluxes just given (for average ores) will do ; but the proportion of 
soda should bo diminished, and that of the borax, oxide of lead, and 
flour increased as the (juantity of metallic oxides become greater. 
If the ore contains practicaUy no quartz, the soda may be altogether 
omitted, and some glass or powdered quartz added. The following 
charge may be taken Jis an example : weigh up 20 grams of the 
powdered ore, 15 grams each of soda” and borax, 60 grams of 
oxide of lead, and 5 gmms of flour. Mix and phice them in an E 
crucible, and cover with a layer of from a quarter to half an inch 
of common salt. Place in the furnace as before. The salt will 
give ofif a considerable amount of fume, which will, to a certain 
. extent, conceal the state of the charge : when the crucible has been 
; in the furnace for about 25 minutes remove it and pour out thf 
^ contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
; happen that with an unknown ore the first assay will be more or 
ieee unsatisfactory : but from it the necessi^ for adding more 01' 
\ less flour will be learnt, and a second assay, with the necessary 
.. modification of the charge, should give a good result. 

- " Ores containing nmeh Sulphides.— Ores of this class may 
, be easily recognized, either by the appearance ofthe minerals they' 
bos^^ain or by the odour of sulphurous oxide (SO,) whicji thejr 
I' Sli^^ve wlwn roasts on a spatula. The sulphides most commonil: 
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pi'eseiit, in addition to Uio Hulphurized niiiiernls of silver, jvre 
pyiites, grtlona, blende, and inispickel. When they are preseijt in 
only a moderate amount, their eflect is simply to inerejise the 
weight of the button of lead ; and tliis is easily counteracted by 
reducing the amount of flour, or by omitting it. When in larger 
amounts, they not only yield largo buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i) by putting in a rod of 
iron as soon as the charge hjis fused, or (2) it may be counteracted 
by a proper addition of nitre, or (5) when the sulphides present 
aie only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is eftected as follows Weigh up 
20 grama of the powdered ore and place it in a wide- mouthed 
cnicihle sufficiently large to perform the subsequent mislting down 
in. The roasting must bo dojiie at a gentle heat at fii'st, so as to 
avoid clotting : the mouth of the crucible should project consider- 
ably above the coke, and should slo})e forward tow ards the worker. 
The charge must be occasl^ally stirred with the stimr (%. 10) 
so as to expose fresh surface’s to the action of the air, and. to pre- 
vent adhesion to the sides of the crucible. The stirrer ghould not 
be removed till the calcination is finished. The temperature < 
should be raised at the end to a good red heat ; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should be rubbed up in a mortar with a pinch of anthracite, 
nrjd again calcined. It is then mixed with fluxes as described, and , 
f'U^c■d in the Siime cinicible. 

The calcination of an ore is a w’ork occupying a good deal of 
time, and, in most cases, it is better to take adrnntage of the 
desulphurizing power of red lead or nitre. Ked lead by itself 
will do, but a large quantity of it will be required; i part of a 
metallic sulphide needs from 20 to 50 parts of fed lead to yield a 
button free from sulphur; where.as at most from 2 to 2iJ parts of 
nitre are sutficient. There is sometimes an advantage in having 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to i of ore is enough. A charge 
which will do for most sulphides is the following: 20 gmms of 
ore,'^o to 100 ^imes of red lead, 20 grams of “ soda,” 5 of borax, 
arid suflicient nitre (or perhaps flour) to give a button of about 
25 grams of lead. Ilow much this must be (if not already known) 
may be approximately determined by fusing 3 grams (rf tha^'qre 
•and 3 grams of “soda” in a small cimible (C) with 50 gi’lims of 
litharge (not red* lead) under a cover of salt, and weighing the'ro’i 
suiting button of lead. Subtract 3 from the weight of load ^toined, 
the difierehce multiplied % 1.3 will give the quantity 
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grams of nitre required. If the button of 'leaA weiglis less than 
3 grams flour must be added. If this is not siilisfwitory repeat 
the assay, adding an extra gram of rntre for eaoh 4 grams of lead 
in excess of that required, or i gi*am of flour for a i2gmm 
deficiency. 

In the method in vvliich iron is used as a de-sulpluirisirigagent, 
only as much oxide of load should added as will give a button 
of lead of the requireil size. Rather a large button of lead should 
bo got, and tlie slag aliould be strongly alkaline; if tlie ore does 
not aheady wxrry a large amouqt of sulphur some sliould be added. 
The fusion should be j>erformed at a low tomperaturo (similar t() 
that for a galena assay), and should be continued for some 
time after it lias become tranquil. Take 20 grams of the ore, 
40 grams of “soda,” 40 grams of oxido cf loiid, and 5 or 10 
gnims of l)oi*a.x ; plaiie this mixture in a crucible (with a rod of 
iron, as in the gjilena assay), cover, and fuse for about half an 
hour. Take out the rod, washing it in the sl.'ig, and, in a minute 
or two, fMiur. Clean and cupel tho button of lead. 

General Remarks on the Fusion.- Other things being equal, 
tho smaller tho quantity of the slag tlio better, provided there is 
sufficient to cover tho metal. Tho presence of peroxides of the 
heavy metals is prejudicifil, sinwi they tend to increase the quantity 
of silver retained in tho sl.ag. It may be given as a general rule 
that when iron, copper, manganese, (fee., are present, there is a more 
than ordinary need for cleaning tho slags, and cai'e must be taken 
0 keep these metals in the state of lower oxide. 

In selecting the fluxes, it should bo remembered that soda is 
the best for quartz, and bonix for lime and metallic oxides. And 
that with ores almost free from gangue some quartz or glass 
should be added to protect the crucible. Two parts of soda are 
enough to flux i part of quartz ; whilst of borax, or oxide of lead^ 
4 pai^s are barely sufficient. Oxide of lead has the advantage of 
being heavy and so does not occupy much space in the crucible ; 
on the other hand, if the melting down be performed too quickly, 
or if oxide of lead only is used, this high specific gravity is a dis- 
advantage, for the lighter earthy matter floats as a pasty mass on 
the more fluid oxide of lead, ancl thus escapes its action. 

, When metallic sulphides are present in the oi’e, an excess of 
oxide of lead helps to keep the sulphur out of the button of metal. 
In addition to the oxide of lead required as ft flux, some will be 
required to provide the lead in which the silver is to be collected. 
Oxide of lead, mixed with charcoal or flour, yields, when heated, 
a multitude of minute buttons of metal unifoitily distributed 
through the mass of the charge ; as the charge melts down these 
' iron ^gether and fall to the bottom ; this shower of le;id collect^ 
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the silver more ejisjly than a single button at the bottom of tlie 
crucible could do. Only that portion of the oxidn of lead which 
reruiiius in the slag can ])0 considerc’d as a flux ; very often »the 
first indication of an excessive reduction of lead is the pastiness 
of the slag rendered thick by the withdrawal of the oxide of lead 
which would have kept it fluid. If, in an assayj it is found that 
5 parts of flux are not sufliciont for i part of ore, the remedy lies 
in using a diflerent flux rather than in taking a larger quantity. 

On the llcdiicimj Effect of Charcoal, Flour, and Tartar. — The 
w(!ight to bo got from a given chaige will depend (provided sufli- 
cient oxide of lead is present) ujJon the proportion of the reducing, 
agents in it. Wo have thought it well to illustrate this part of 
the subject by a series of experiments which the learner will, do 
well to practise for himself before proceeding to the assay of 
actual ores. Take 8o grams of litharge and 20 grams of a mixtm*e 
of boj*ax and soda. Fuse three lots (i) with 1.5 gram of charcoal, 
(2) with 3 grams of fldur, Vxnd (3) with 7.5 grams of tartar. 
Weigh the buttons of load obtained, ami divide each by the weight 
of reducing agent used. j'osults will differ somewhat with 
the dr3niess and quality of the flour, etc., used ; in one series of 
experiments they were as follows : — 

Gruni. UramH. Gmin. Oruniit. 

1.5 charcoal gave 34.0 lead i charcoal = 22.6 lead. 

3,0 Hour „ 33.5 n .% 1 flour = 11.2 „ ' 

7.5 tartar „ 35.0 ,% i tartar = 5.0 „ 

The use of flour as a reducing agent has many advantages, and 
it is well to remember that i gram of four reduces about 11 grains 
of lead; and that chiircoal has twice, and tartar one-half, this 
reducing effect. 

On the Reducing Effect of Chmcoal, icc.<tOn Red Lead. — It is often 
easier to obtain red load of good quality than it is litharge, and 
by a large number of assayors red lead is the form of oxide of 
lead always used. Eed lead, however, contains an excess of 
oxygen which will use’up some of the reducing agent before lead 
separates out. On making a series of experiments (similar to the 
last, but using 80 grams of red lead instead of the litharge) the 
results wore, with the same quantities of the reducing agents : — 

With charcoal, 18 grams of lead. < 

„ flour, 18 „ M > 

t, tartar, 22 „ „ 

Comparing these with the results with Uiharge, in the previoitt, 
table it will be seen that the same quantity of reducing agent lifts 
in eftch case brought down 16 grams less of lead, so that. ft 
amount of Jtihe reducim? agent must he added to get a buttoii 
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the same weight ar. that obtained with litharge^ To get a button 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw dov }i 22 + 16 or 38 grains of lead ^ which would 
require 3.4 grams of flour. If this amount of flour is fused 
with 80 gi-ams of red lead, a button of lead weighing 22 gramg 
will bo formed, the other 16 grams being kepi up by the oxygen 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modified. With 40 grams of red lead, for exam|)lc, we should 
add ai\ excess of reducing agent sufficient to throw down 8 grams 
of lead instead of 16. Similarly, w’ith 160 grams of red leii, we 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead 
present diminishes the weight of the lead by 1 gmm. If then 
we divide the vmght of red lead in" a charge hy 5, and add this to 
the weight of lecul required, the mm divided hy 11 will give the 
weight of flour which must he added. Using 80 grams of red load 
and wanting a button of 20 grams, we should add 3.3 grams of 
flour. 


80 -f 5 = 16; 16 + 

20 « 36; 36 -f* 

II = 3.3 nearly. 

The following are some 
the rule 

resulte obtained which will illustrate 

Red I^cad used. 

^lonr tued. 

Lead got. 

40 grams 

3 grams 

25.0 grams 

100 „ •«. 

3 » 

135 » 

So „ 

4 » 

300 „ 

80 „ 

5 n 

40.0 „ 


On the lieduchig Effect of Metallic Sulphides, and the Counter^ 
acting Effect of Nitre . — The sulpliides found in ores will reduce 
a button of lead from oxide of load just as flour does ; and, as, 
charcoal, flour and tartar diflTer in their reducing power, so equal 
weights of the different mineral sulphides throw down diflerent 
weights of lead. 

One gram of iron pyrites yields about 1 1 grams of lead. One 
gram of copper pyrites, blende, fahlerz, or mispickel, yields 7 or 
8 grams of lead, whilst i gi'am of antimonite will give 6, and » 
.1 gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the^ quantity of lead re . 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added; i grom is added for each 
\gfa 7 M of lead in excess of ih^at required. For example : with a ^ 
ao-gram charge of an ore containing 50 per cent of pyrites, if np : 
^tre were added, no gi'ams of le^ would be got; or, i^ there. 
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was Dot sufficient, txide of lead to yield this quantity of metal, tha 
hulGon would he sulphury. To reduce the weight of the button 
by 8o grarurnes, we should .add 20 giums of nitre, if litharge were 
used; or if rod lead were used, we should add 16 grams of nitre, 
since the oxidizing effect of 20 grams of red lead is equivalent to that 
of 1 of nitre^ and siii{;o 80 grams of red loiid are generady used in a 
charge. Two assays of an ore of this kiml with these quantities 
of nitre gawj 26.0 grams of load with litharge, and 22.5 grams 
with red lead. 

It is best to use in these fissays ?o grams of red lead, 20 of soda, 
and 5 of borax, with 20 grams of the ore. If the lead got by the 
prelimin.ary fusion in a small crucible with litharge (described 
under containing much suJjjJiides”) is known, the following 
table will indi<*ato the quantity of nitre, or Hour, to bo added with 
this charg(? : — 


Lead ^ot in Preliminary Kusiou 

Vlour to be add.'d 

Niire to bo added 

witlj 3 Knims of Ore. 

to Uje Away. 

to the Assay. 

0.0 gram 

^ 3‘3gi^mis 

none 

3.0 i;rama 

1.3 gram 

— 

6.0 „ 

none 

4.0 grams 

90 » 

— 

9.0 „ 

12.0 „ 

— 

14-0 .. 

15.0 „ 


i 9‘0 „ 

iS.o „ 

— 

24.0 „ 

21.0 „ 

— 

29.0 „ 


If lithjU’ge is usoil in the assay inst(wd of red lead 4 grams more 
nitre, or 1.5 gram less Hour must be used. When more than a 
few giams of nitre arc added to a charge the proportion of “soda” 
and borax should be increased, because one of the products of the 
reaction of nitre upon sulpliides in the presence of soda is sulphate 
of soda, and because the “ soda ” thus used up no longer serves as 
a flux ; more borsix should be added, as it is the best flux for the 
metallic oxides which are formed in the process. If in an assay 
too large a button of lead is got, even after this calculation haa 
been mside, and the a.asiiy is repeated, add i gram more nitre for 
each 4 grams of lead in excess. Sometimes the jtssay appears 
tranquil before the nitre lisis produced its full elTect ; in such cases 
it is well to seize the crucible with the tongs and mix its fused con- 
tents by rohiting them ; if this causes an effervescence, the crucible 
should be replaced in the fire and the fusion continued. ThefoL 
!dwing experiments will illustrate the extent to which the abovi- 
rules may l)e relixl on. In all of them the standard flip: wm 
used,' viz. : — 80 grams of red lejul, 20 of soda, and 5 of borax 



Pyrites . • 

Quartz . • 

Nitro^ . , 

Lead • 


SILVER 


• ^ 5 S 

5 

2.5 

5' 

10 

*5 

20 

• — 20 — 

20 

ns 

>5 

10 

5 


• - - 5 

5 

— 

4 

16 

28.5 

41 

. 42.5 ^o.O 16,0 

19.0 

ii.s 

22.5 

22 5 

26.5 

27 5 


Cojypar l)frite» , 8 8 8 8 

Qiiait/, . , , — 12 — 12 

>Jitrc ^ 4 

Lead got . . 47-5 34-0 33- « 26.0 


Antimoiiite • 

Quartz . 

Nil re . , 

Lead got , 

Oalena , 

Quartz. , 

Nitre . , 

Lead got • 


. 8 8 8 8 

. — 12 — 12 

. - 4 4 

, 29.0 26.0 130^13.0 

. 10 10 10 JO 15 20 

• *5 - <5 5 " 

• - — 3 3 • 7 

. 17.0 19.0 8.0 8.0 18,5 18 s 


‘ A Riiniliir set of experiments, with 80 grams of lith arge inatead 
7of*8o grams of ihm] lead, gave : — 


Pi / riles . 
Quartz. 
Nitre . 
Lead got 


4 4 4 4 7 10 

*“ *5 — 15 13 >0 

— —55 12.5 20 

4 O 5 40.5 25.5 24.5 27.0 26.5 


Copper Pyrites 
Quartz . 

Nitre . 

Lead got , 


5 5 5 5 

~ ^ 15 

44-5 32-5 230 2^0 


Blende , 
Quartz . 
Nitre . 
Lead got 


5 5 5 5 JO 

— «5 - «5 10 

- S 5 15 

41.5 38.5 21.5 22.5 216 


AnHmmite 
' Quartz. 
■:;*Iitre . 
^^Lead got 

i 


'Qdkna 

Quartz. 

Nitre 


bead got 


5 5 5 5 10 

— 15 — 15 10 

— — 5 5 10 

3 *.o 32.5 11.5 12.5 18.7 


10 10 10 10 15 flo 

- 15 - iij 5 

— ~ 5 S 7.5 n 

335 33-5 *30 1*0 19.5 22.7 
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The variation in F5ome of these experiments, in which we might 
have expected similar results, is due to the fact that the sulphur/ 
and in some cases the metals, are capable of two degrees of q;^ida- 
tion. For example : theoretically i gram of iron pyrites (FeSj) 
would yiehl H.6 grams of lejid if the sulphur wore oxidised to Sul- 
phurous oxide (SOj), and the iron to ferrous oxide (FeO) ; whilst 
if the fiulpluu* wei‘0 oxidised to sulph.ate (SO3), and the iron to 
ferric oxide, 12.9 grams of lead will be thrown down,. Similarly 
the yield with cojtper pyrites would be 7.5 or 11.6 ; with blende, 
6.4 or 8.5 ; with antimonite, 5.5 or 8 ; and with galena, 2.6 or 
3.4, As regards the metals, the fower oxide will always ho formed 
if the iissay is carried out properly (fused under a cover, and with 
a Kulhciency of reducing agent). But tho proportion of sulphur 
oxidised completely will vary with the conditions of the assay. 
With a slag containing much soda tho tendency will bo to form 
sulphate, and, in consequence, a big reduction of lejid ; whilst with 
an acid slag containing amu-h quartz the tendency will be for the 
sulphur to go off as suiphiirous oxide (SO^). In a fusion with 
litharge aioiio all the sulphur will be libeiuted ms the lower oxide, 
whilst with much soda it wnl bt» wholly eonvd-ted into snlpliate. 
For example : 3 grams of an ore con(ai)\ing a good deal of pyrites 
and a little galena, gave, when f>ised with litharge, 16.5 grams of 
lead. A similar cliarge, containing in addition 20.0 grams of soda, 
gave 22.5 gi’ams of lead. 

It will bo noted from the experiments that i gram of nitre kept 
up on tho average 4 grams of lead ; the range being from 3.2 with 
acid slags to 5.3 with very basic ones. Those facts serve to ex- 
plain some apparently irraguJar results got in practicse. 

CUPEIiLATION. 

The process is as follows : — The cupels, which should have been 
made some time before and stored in a dry place, are first cleaned 
by gentle rubbing with tho tinger and blowing otT the loose dust;' 
and then placed in a hot mutllo and heated to redness for from § 
to 10 minutes before the alloy to be cupelled is placed on them<. 
The reasons for this are sufficiently obvious : the suddon evolution . 
of jjQuch steam will blow a cupel to pieces; and, if the whole of 
the water has not been removed before the cupel is , filled VPith 
molten lead, the escaping steam will bubble through, and 
about particles of the metal. If some pai tides of, unbumt carbon:^> 
remain in the bone ash, a similar result v.dll be produced by 
escape of bu^ibles of carbonic acid as soon as the fused UthoQli^'i 
comeokin contact with them. The cupels liaving bee^ j 

aio arrangod in a ilelinite order in the mufUc, and the 
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tons are arranged ia a corresponding order on .some suitable tra} 
(cnpel tray, lig. 41); the heat of the mulBe being at bright redness. 
Then with the help of Ihe tonga (fig. 42) 
the assay buttons should he placed each 
in its proper cupel ; a note having been 

previously nia<le of tlio position it is to "N T , 1 

occupy, and the door of the muffle closed. Fio. 41. 

This part of the work should be done 
promi)tly, s- :us not to unduly cool the muffle : the start requires 
a fairly high temperature, and is a critical part of the process. A 


blatih crust 
forms at once 
on the sur- 
face of the 
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lead ; hut tliis ought sorm to fuse and flow in greasy drops from - 
off tlie face of tlu* metal, so as to leave the latter fluid with a 
well-defined outline, and much brighW than the cupel. If this 
clearing does not tike place, the buttons are said to be frozen; in 
> which case the temperature must be raised, some pieces of char- > 
coal put in the muffle, and the door closed. If they still do not 
clear, the heat must have been much too low, and it is best to 
reject them and repeat the assays. 

When the buttons have cleared it is well to check the draught 
of the furnace, and to partly open the door of the muffle, 

80 as to work at as low a temperature as is compatible with 
the continuation of the process.* Too low a temperature is indi- 
cated by the freezing of the buttons and the consequent spoiling 
of the assays. Experience soon enables one to judge when the 
heat is getting too low, A commoner error is to have the heat 
too high : it should be remembered that that which was high 
enough to clear the buttons at starting is more than sufficient to 
keep the process going. At the finish a higher temperature is 
again required : therefore the door of the muffle should be closed 
and the furnace urged. The finish is easily recognised. The 
drops of litharge which in the earlier stages flow steadily from 
the surface of the alloy, thin off later to a luminous film. At 
, >h^ end this film appears in commotion, then presents a brilliant 
.. of colours, and, with a sudden extinction, the operation Is 
finished. The metal again glows for an instant whilst becoming 
|solid. 

If the button is a small one the cupel is withdrawn at once 
placed on that square of the cupel tray which r-srresponds to 


* iVitb buttons poor in silver the lowering of the tfiih>;perature at this 
not a matter of importanco. 
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the position it oocupied in the muIBe, If, however, it is fairly 
large precautions must be taken to prevent spirting. 

Molten silver dissolves oxygen from the air and gives it off on 
solidifying; the escape of the gas on sudden cooling is violent 
and, by throwing off particles of the metal, may cause loss. This 
is called “ vegetation ” or “ spirting.” Tlio silver is api)arently 
solid when spirting takes place ; the crust breaks suddenly and 
some of tl^c metal is forced out. Tiio evil is best guarded against 
by slow cooling and avoiding di’augbts. With large buttons of 
silver precautions should never be omitted. One plan ‘is to allow 
the cupels to cool in the muffle itself, the mouth being closed 
with hot charcoal. Another is to cover the cupel with another 
cupel previously heated to redness ; in this c§.se the silver cools 
between two hot cupels, and, of course, cools slowly. A third 
plan is to withdmv the cupel to the door of the muffle, holding 
it until it begins to get solid and then immediately to put it 
back into the hotter part of ‘the muffle. 

Silver remains after cupellation in flattened elliptical buttons, 
adhering but only slightly to the cupel. Its upper surface 
should show faint markings as if it wore crystalline. The pre- 
sence of platinum renders it still more crystalline, but retnoves 
the characteristic lustre and renders the metal dull and grey. 
Copper, if not completely removed, lias a very marked effect on 
the Jij>pearance of the button : the metal is spread out, damping, 
as it were, and firmly adhering to the cupel, which Latter in the 
neighbourhood of the metal is almost black with oxide of copper. 
Sometimes the silver button is globular, or even more sharply 
rounded on its under than on its upper surface ; it is said that 
this is due to the presence of lead. Gold may be present oven to 
the extent of 50 per cent, without showing any yellow colour. 

The appearance of the cupel affords some useful information. 
The presence of cracks evidently due to shrinkage indicates a 
badly made cupel. If, however, they are accompanied by a 
peculiar unfolding of the cupel, the margin losing its distinct- 
ness, it is because of the presence of antimony. When lead is 
the only easily oxidisable metal present, the stained portion of 
cupel is yellow when cold. A grecnisli tint may be due to small 
quai^tities of copper or, perhaps, nickel, cobalt, or platinum. 
Larger quantities of copper give a greenish grey or almost blaolc 
colour. A dark green and corroded cupel may be due to irom 
Rings of pale-coloured scoria may be due to tin, zinc, antimony, 
or arsenic. When the cupel shows signs 01 the presence of them 
meUls in objev^tionalble quantity, it ih well to repeat the assay 
an4 scorify so as to remove them before cupellation. < 

^e but^ipn should be detached from the cold cupel by ^izuy( 



with a ]Miir of plii /s : the uudor surface shouM be distorted hy 
squeezing or hammering the button so as to loosen the adhering 
bond ash. The cleaniiig is easily completed by rubbing with a 
clean liard brush. After cleaning the buttons are best put on a 
tray of marked watch-glasses, and then taken to llie balance and 
weighed. The weight of silver got needs a small correction ; 
(i) by deducting for the amount of silver introduced by the 
lead or oxide of lead used in the assay;* and (2) hy adding for 
the cupellaoion loss. 

Loss in Cupellation. — During the whole process of cupelling 
a silver lead alloy a more or less abundant fume may be observed 
rising from the cupel. This furnishes an evident loss of lead and 
a possible loss of silver ; for although silver at the temperature of 
cupellation gives oft* no appreciable vapour, it is known that such 
fume formed on a large scale contains silver. It is, however, 
difticult to believe that the small amount of lead vapourised 
carries with it a weigbable amount of silver. That it does not 
do so in the ordinary way of working is shown by the fact that a 
button of silver equal in weight to the silver lost in cupelling 
may be got by smelting the cupel and cupelling the resulting 
button of lead. The loss of silver by volatilisation is altogether 
inconsiderable, unless the temperature at which the operation is 
performed is much too high. 

Another possible source of loss is the in nitration of smaU 
particles of alloy into the cupel. The cupel is necessarily porous, 
and particles of metal may perhaps drain into it, more especially 
if the bone ash is not in line powder ; but if this is tho main 
source of loss it is bard to see why, in cupelling equal weights of 
silver and gold, the loss is not equal in each case. It is not easy 
to believe that the mere filtration of the fused alloy will effect 
such a change in the projiortion of the metals^ as that which 
actually oecui-s. For example : a cupel on which an alloy con- 
sisting of 0.80 gram of silver, 0.47 gram of gold, and 25 grams of 
lead had been cupelled, was found to contain 7^ milligrams of 
silver, and rather less than half a milligram of gold. Assuming, 
for the sake of argument, that the gold present had filtered into 
the cupel in the form of small drops of alloy, it would have been 
accompanied by less than a milligram of silver, and the presence 
of the extra 6 or 7 milligrams of silver must have been due to a 
different cause. There can, thus, he little duuht that the causa 
of the greater port of the “ cupelktion loss ” is a chemical one and 
cannot be counteracted by a mechanical contrivance.| In cupel- 

* 100 grams of the lead, or of its oxide, will contafn from i.s to 3;C 
milligiMns. ' 

. t Still the precautions of having cupels well made from bone ash ifi fine 
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lation, then, ther#> is a loss, apart from imperfect working, in- 
herent in' the process itself ; and as the amount of this loss varies 
under diflerent conditions, it is necessary to study it somewhat 
in detail. 

The following experiments are taken without selection from 
the woi“k of one student. Three experiments were made for each 
determination, and the mean i-esult is given. By “range” is 
meant the difference between the highest and lowest result and 
the percentage loss is calculated on the silver pT‘esent. The silver 
added in the lead used has been deducted. 

Effect of Varying Lead.— In each experiment 0.4 gram of 
silver was taken and cupelled with the lead. The silver loss and 
“ range ” are expressed in milligrp.ms. 


Lend Used. 

Silver Lost. 

Ranffo. - 

Percentage Loss. 

Grama. 

10 

6.5' 

I.O 

1.62 

20 

7.0 

I.O 


40 

12.0 

^•5 

3.00 

60 

12.7 ^ 

j 

j 3.17 


The loss incimses with the lead used. 

Effect of Varying Temperature.— 0.4 gram of silver was 
cupelled with 20 grams of lead. 

Toinporature. Silver Lost. Bansfe. Perccntaffc Loss. 

Bright rod . . 7,0 ... i.o ... r.75 

Clear jellow . . 17.3 1.7 ... 4.32 

The difference in temperature in these experiments was much 
greater than would occur even with careless work. 

Effect of Varying Silver. — 20 grams of lead were used in ea^h 
cupellation. 


Silver Taken. 

silver Lost. 

Range. 

Percentage Lorn. 

Mllligromi. 



5*6 

I 2 .S 

0.7 

0.2 

25.0 

1.4 

0.1 

5.6 

50.0 

1.6 

0.4 

3.2 

^ 100.0 

2,9 

0.3 i 

2.9* 

200.0 

S.6 

0.5 


400.0 

' 7.0 

I.O 

1.7 

8oao 

9-7 

I.o 

1.2 


• It will be seen that, although the quantity of silver W ^ 

powder, and of working the cupellation at as low a te^nerature ai possHAb' 
are vffj proper oafs, provided they are not carried to an absurd exottpar' 
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creases with the piirer present, the perceniiage loss is greater on 
the smaller biittons, * 

The follo^villg rosulh. ^^re often quoted : — Cupelling i grain of 
jilvcr with lo grains of lead, the loss was 1.22 percent. ; 10 grains 
of silver with 100 grains of lead, loss 1.13 per cont. ; 25 grains of 
silver cupelled witli 250 grains of lead, lost i.c; per cent. The 
proportion of silver to lead was the same in tlic t hree experiments, 
and the larges^ button gave the best result. Evidently, if the 
quantities r f lead had been the same in the three f.Kperimcnts 
(say, 250 gridns in each case), the loss on the smaller quantities 
of silver would appear worse in llie comparison. 

In judging these results, it must be borne in mind that it is 
difficult to regulate the temperature, <fcc., in consecutive experi- 
ments so as to get exactly similar results, so that the range in 
consecutive cupellations is greater than that in a batch cupelled 
side by side. 

Effect of Copper and Antimony gram of silver was 
cupelled with 20 grains of lead, and to one batch 0.5 gram of 
antimony, and to another 0.5 gram of copper was added. 



Silver Lost 

Rantre, 

Loss In 
Percenta!?e, 

Without addition 

• . 2.9 

0.3 

... 2.9 

With antimony , 

• . 3.3 

0.2 

... 3-2 

With copper « 

. . 4-9 

1.7 

4-9 


^ Perhaps the antimony hfis so small an effect because it is 
eliminated in tbe earlier part of the process, while the silver is 
still alloyed with, and protected by, a large proportion of lead ; 
whilst the copper on the other hand makes its fiercest attack 
towards the close, when the silver is least capable of resisting it. 
The ill effects of copper are most strongly felt when the quantity 
of lead present is not sufficient to remove it: the coppery button 
of silver got under these conditions is very cdnsiderably less than 
the weight of silver originally taken. 

Although the above is a fair statement of the loss attending 
average work, it will not do in very important and exact work to 
place too much reliance on the figures given, or, indeed, on any 
Other set of figures, with tlie object of correcting the result of an 
^ay. Each man must roly on lus o\yn work. 

. • It is easy to determine what allowance must be made for the 
loss in cupellation by cupelling side by side with the assay piece 
.galley of similar and knovm composition. ’ For, if the two pieces 
are very nearly alike, we may justly conclude that the loss on each 
.will be the same ; and if, further, we take the average of three at 
.font such determinations we shall get results accurate within o.i 
per cent. The method of getting such results may be b^t ex* 
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plained by one or two iiluNtrations. This method of working 
termed “ assaying ^ny clieoks.” 

Suppose we liin e an alloy of silver and lead in unknown propor- 
tions and that by ciip(‘lling two lots of lo grams each there is got 
from I. 0.1226 gi’Min of silver, and from IJ. 0.1229 gram. iVe 
should know from general experience that the actual quantity 
of silver present was from 2 to 4 inilligranm more than this. To 
determine more exac;tly what the loss is, the following plan is re- 
coininendod : — The two silver buttons are wi-jipped up each in 10 
grams of load, and cupelled side by side with two other lots of 10 
grams of the original alloy. If how the two buttons I, and II. 
weigh 0.1202 and 0.1203, they will have sullered in this second 
cni)elliition an average loss of 2.5 milligrnm^. Suppose the two 
fresh lots of alloy gave 0.1233 aiid 0.1235 silver, the average 
I0S.S on those w'ould also bo 2.5 milligrams. Add this loss to each 
result, and take the mean ; which is in this case 0.1259. 

If copper is pieseiit in tlK" alloy as w^ell as silver, it is neeessjiry 
tc add about the same quantity of copper to the checks as is sup 
posed, or known, to be ])i esent in tlie a.ssays. If the substance to 
be assayed is an alloy of silvil* and copper, lirst cupel 0.5 gram of 
it, with, say, 10 grams of lead, aTid weigh the J'esulting butfon of 
silver, in order to get .an approximate knowledge of its composi- 
tion. Suppose the button weigh.s 0.3935 gram. We know that 
this is below the truth : for the sake of round numbers take it as 
0,4, and assume that the rest of the alloy (o.i gram) was copper. 
Tw’o check pieces .are then weighed out, each containing 0.4 gram 
silver tmd o.i gram of copper wrapped in 5 giam.s of lead. Of 
course the silver must be pure. And there is also w eighed out two 
(or better, four) assay pieces each containing half a gram of the 
alloy wrapped in 5 grams of lead. The whole lot are then 
cupelled as nearly as possible under the same conditions. With 
four assay pieces, the cupels should be placed close together in two 
row's of three across the muffle ; the two check pieces are put in 
the middle cupels. Suppose the buttons of silver got weighed aa 
follows ; — 

Check pieces I. 0.3940 II. 0.3945 

Assay pieces I. 0.3905 II. 0.3912 

III. 0.3910 IV, 0.3909 

The average loss oi) the two check pieces is 5.7 milligrams, and 
the average result of the four assay pieces is 0.3909. Add the 
aveiage loss to the average result, and theiH 3 is got tiie corrected 
result, 0.3966. ^And if 0.5 gi-am of alloy contain 0.3966 of silver, 
1000 will contain 793.2 of silver, and this is the degree of finexieas,. 

A /direction for the loss in cupellation is always made in thie 



stLveh. 




way when rich all oys are bcinpf assayotl ; and Jin the case of rich 
ores it may bo dor:e after the niaiinor of the lirst of the above 
illustrations. There ii another method of workin" which relies 
more on experiment. This is to smelt the cupel as described 
further on (p. 114), and to a^'ain cupel the resubis i^ button of lead. 
The button of silver got in this second cupellatiim is added to that 
flr.st obtained. It will soinetinios, but not often, happen that 
tlie two ])utt.vms together will sliglitly exceed in .veight the 
silver whieli \va.s actually pi'csont. 1'his is because of the retention 
in the buttons of a small quantity of lead. It has been stated 
that the proportion of lead thus retained may be os much as 1 % 
of the silver present ; this, however, can only be under exceptional 
conditions. A determination of the actual silver in the buttons 
got in the series of cupellations quoted on pages 102, 103, gave 
ail average percentage of 99.85, so that even with the larger 
buttons the effect of tlie relainod le.ad would be only to increase 
the weight by about i milligram. 'In the metliod of working 
with checks, the retained lead has no disturbing inlliience. 

The proportion of lead required for the cupcllation of any 
j^rticular alloy reijuires consideration. With too much lead the 
iime occupied in the process is increased, and so is the loss of 
silver ; on the other hand, too little lead is of greater disadvantage 
than too much. From 8 to 16 parts of lead are required for each 
part of silver alloy, or, if gold is present, about twice as mucli as 
tins must be used. For the cupcllation of i gram of a silver 
copper alloy containing different percentages of copper, the follow- 
ing quantities of lead should be used : — 


5 

... 



6 gras 

10 




» 

20 




10 „ 

30 




12 H 


••• 



14 •> 

50--I00 

... 



l 6 ‘i$ „ 


Tim alloy, in not too large pieces, is wrapped in the required 
weight of lead foil and charged into the cupel at once ; or tht 
lead may be put in first, and, when the cupellation has fairly 
started, the alloy may be added wrapped in tissue paper; or a 
portion of the lead may bo first started and the alloy wrapped 
in the remaining load and subsequently added. The cupellation 
of large quantities of alloy or of alloys which contain tin, anti- 
mony, iron, or any substance which produces la scoria, or cor- 
rodes the cupel, must be preceded by a scorification. The 
advantages of this are that the slag is poorer in precious netal 
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than that found *on a cupel and is more easily collected and 
clejined ; tliat quantities of metal can bo treated, and that, 
even if tl>e substance is in part infusible, or produces at theistart' 
a clinhery mass or scoria, the oxide of lead gradually accumu- 
lates, Iluxes the solid matters, and produces a good final result j 
Wit if the oxide of load by itself is not sulTicieiit for the purpose, 
borax or some other flux can be easily added. 

If the |)uttoii of silver got is very small its weight may be 
estimated from its size; but it must be remembered that the 
weight varies as the cube of the diameter. If one button has 
twice the diameter of another it is eight times as heavy and so 
on. Scales spfKjially constructed for mcasurirtg silver and gold 
buttons may bo purchas(‘d ; but^it is much bettor to make the 
moasuremoiit with the help of a microscope provideil i\ith an eye- 
piece micrometer, 

IF the length of the long diameter of a silver button be taken 
the following table will'giVe the corresponding weight in milli- 
grams : — 


l)ia*«etcr. 

WeifrJit.'^ 


Wcliijht, 

0.04 inch 

3-6 

0,015 ilich 

0. rg 

0.035 .. 

2.4 

0.014 

0.15 

o.oj „ 

1-5 

0.013 „ 

0.12 

0,025 « 

0.9 

0 . 0 J 2 

0.097 

0.02 „ 

0.43 

0.01 1 „ 

0.075 

0.019 M 

0.4 

0.010 „ 

0.056 

0.018 „ 

0.33 

0.008 H 

0.028 

0.017 » 

0.27 

o.c»o6 „ 

0.012 

0.016 „ 

0,23 

0.004 „ 

0.004 


The weight of a corresponding button of gold is got by multi- 
plying by 2.25. Tlieso figures are based on those given by ^ 
Plattner, and apply only to buttons of such shape as those left 
after cupellation. A sphere of silver 0.01 inch in diameter would 
weigh 0.09 milligram, and a similar sphere of gold weighs 0.167 
milligram. 

It is safer, however, to compare with a micrometer the diameter 
of the button wliose weight haiLto be determined with that of a 
Standard button of nearly equal size whose weight is knowb,^; 
The w'oights of the two buttons ore proportional to the cubes ^ 
their diametera. This plan of working is described more full^ 
in Appendix B., page 440. . 

Calculation of the Besiats.-- Alter deducting for 
silver added, opd correcting for the cupellation loss, the calciabU,^ 
tion is made in the usual way; reporting as so many parts 
thousand m the ca^ of rich alloys and as so many' 



SUTKn.' 


10 ? 

pennyweights, or better as ounces and decimals of an ounce, in 
tlie case of j)Oor ali^oys and ores. 

In this last case, ho-\ ?ver, it is less fatiguing to refer to a set 
of tables which give, eitlier directly or by moans of simi^lo oddi^ 
tion, the produce corresponding to any wei-bt obtained from 
certain given weights of the substance. Tlie following table 
gives the produce in ounces and decimals of an ounce per ton of 
2240 pounds : — 


Wcitflit of 


Weight of Oro taken. 


Metal got. 

3 grama. 

grama. 

30 grama. 

50 grams.. 

100 grama. 

0.0001 

1.09 

0.65 

0.16 

0.06 

e 03 

0.0002 

2.18 

»-3J 

0.33 

0.13 

06 

0.0003 

3-27 

1.96 

0.49 

0.20 

. 10 

0.0004 

4-36 

2.61 

0.65 

0.26 

0.13 

0.0005 

5-44 

3-27 

0.82 

0.33 

C.16 

0.0006 

6.53 

3-92 

. 0.98 

0.39 

0.19 

0.0007 

7.62 

4-57 

1.14 

0.46 

0.23 

o.oooi^ 

8.71 

5.23 

1.31 

0.52 

0.26 

0.0009 

9.80 

5-88 

1.47 

0.59 

0.29 

0.001 

10.89 

6.53 

1.63 

0.65 

0.33 

0.002 

21.78 

13-07 

3.27 

1.31 

0.65 

0.003 

32-67 

19.60 

4.90 

1.96 

0.98 

0.004 

43-56 

26.13 

6.53 

2.61 

1-31 

0.005 

54-44 

32.67 

S.17 

3.27 

1.63 

0.006 

os. 33 

39.20 

9.80 

.3-92 

1.96 

0.007 

76.22 

45.73 

n.43 

4.57 

2.29 

O.OOS 

87.11 

5i-27 

13-07 

.5.23 

2.61' 

C.C09 

98.00 

58.80 

14.70 

5.88 

2.94 

O.OI 

108.89 

65.33 

*6.33 

6.53 

3-27 

0,02 

217.78 

130.67 

32.67 

1307 

6.53 

0.03 

326.67 

196.00 

49.00 

19.60 

9.80 

0.04 

435-56 

261.33 

65-33 

26.13 

13.07 

0.05 

544-44 

326.67 

81.67 

32.67 

16. .S3 

0.06 

653-33 

392.00 

98.00 

39.20 

19.60 

0.07 

762.22 

457.33 

114-33 

45-73 

22.87 

’ 0.08 

871. II 

522.67 

130.67 

52.27 

26.13 

0.09 

9S0.00 

588.00 

147.00 

. 58.80 

29.40 

0.1 

10S8.89 

653-33 

163.33 

65-33 

32.67 

0.2 

2177-78 

1306.67 

326.67 

130.67 

65-33 

. ^-3 

i 3266.67 

19G0 00 

490.00 

196.00 

98.00 

. 0.4 

435.5-56 

2613.33 

653-33 

261.33 

130.67 

0-5 

5444-44 

3266.67 

S16.67 

326.67 

163.33 

0.6 

6533-33 

3920.00 

980.00 

392-00 

196.00 

. 0-7 

7622.22 

4573-33 

”43-33 

457.33 

228.67 - 

, 0.8 

8711.11 

5226.67 

1306.67 

522.67 

261.33 

* 0.9 

9800.00 

5880.00 

1470.00 

588.00 

294.00 

; ^ 1.0 

10888.89 

6533-33 

J633.33 

653-33 

326.67 * 


When, as in this table, the fraction of an ounce^s expressed by 
| 9 fo {daces of decimals, '^it may be reduced to pennyweights (d^^.) 
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by dividing by 5. For example ->.40 of an ounce is 8 dwts. Tlie 
fraction of a dwB. similarly expressed may bo converted into 
grains with sufficient exactness by dividing by 4. Thus, 1.63- ozs. 
^ual I oz. 12.60 dwts,, or i oz. 12 dwts. 15 grains. In England 
it is usual to report in ounces and decimals of an ounce. 

The way to use tlie table is best shown by an example. Sup- 
pose a button of silver weighing 0.0435 gram was obtained from 
20 gT’am.s of ore. Look down the 2G-gr/\m column of the table, 
and select the values corresponding to each figure of the weiglitt^ 
thus I — 

0.04 = 65.;f3 ozs. to the ton 

0.003 = 4.90 

0.0005 = 0.82 „ 

0*0435 = 71.0S ^ 

Add those together. The produce is 71.05 ozs., or 71 ozs. i dvvt. 
to the ton. • 

Or, suppose an ore is known to contain 1.24 per cent, of silver. 
Look down the 1 00-gram col^n, select the values, and add them 
together as before. 


I.O 

= 326.67 OZS. 

per ton 

0.2 

65.33 

•» 

0.04 

= 1307 


1.24 

= 405.07 

w 


This gives 405 ozs. i dwt. 10 grains to the ton. 

The calculation becomes more complicated when, as is fre- 
quently the case, the ore contains metallic particles. These show 
themselves by refusing to pass through the sieve when the ore is 
powdered. When they are present, a large portion, or if feasible 
the whole, of the sample is powdered and sifted. The weights of 
the sifted portion and of the “ mehillics,” or prills, are taken ; the 
sum of these weights gives that of the whole of the sample taken. 
It is vfery important that nothing be lost during the operation of 
powdering. 

Each portion htis to be assayed separately. It is usual to assay 
a portion of the sifted sample, say, 20 or 50 grams, and to arid to 
the produce of this its share of the metallics.” This way of, 
calculating, which is more convenient than correct, is ijiusi rated 
by the following example : — 

Weight of whole sample • • » , 4m grams 

Made up of sifted portions • • • . ^ „ 

.. • “MetalUcB” . . . f i „ 


400 
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Twenty grams of the sifted portion, when assayed, gare 0.1050 
gram of silver. The whole of the “metallics ' scorified and 
cupelled gave 0.842 grai ' of .silver. Since the 20 grams assayed 
was i-2oth of the whole, i-2oth part of the 0.842 gram of silvei 
(from the mefaillics) must be added to its prod 'me. We thus 
get 0.1471 gram (0.1050 + 0.0421), 

Keferring to the 20 givam column, we get — 


0.1 

=r 

i 63-33 

0.04 

3= 

6533 

0.007 

3= 

11.43 

0.0001 

=• 

0.16 

0.1471 


240.25 ounces per ton. 


A more legitimate method of ejilculation is as follows : — Calcu- 
late separately the produce of each fraction as if they were from 
different ores. Multiply each produce (best stated in per cents.) 
by the weight of the corresponding •fractif)n. Add together the 
products, and divide by the weight of the whole sample. Taking 
the same example for illustration, we have : — 

MetaJlm . — Weight i gram. 

I gram of it yielded 0.842 grams of silver. 

Produce = 84.2 per cent. 

Produce multiplied by the weight is still 84 . 2 . 

Siftetl Portion . — Weight 399 grams. 

20 grams of it yielded 0. 105 gram of silver. 

.*. Produce = 0,525 per cent. 

Produce multiplied by wciglit (0.525 x 309) is 209 . 475 . 

Add together ; and divide by 400, the weight of the whole sample— 
84.2 

209.475 


400) 293.67s (0.7342 

0.7342 is the total produce of the ore in per cents. 

Referring to the loo-gram column in the table wo find 239.84 ounces tfl ‘ 
the ton as the produce. 

0,7 = 228.67 

0.03 = 9.80 

0.004 = 1. 31 

0.0002 = 0.06 ' 


239.84 

Comparing this with the result calculated by the first method— 
viz., 240.26, we see that that was 0.38 oz., or between 7 and 8 
dwts. too high. 

With ores containing “metallics” it is of great importance to 
powder the whole of the selected sample without loss during the 
process ; and of even greater importance to well mix the sifted 
portion, of which the last portictis to come through the sievti are 



MO mtT-BOOK OF ASSAYINa 

apt to be more ovdiDai'ily rich through the giinding down of 
'some portions oF ♦if mclallic prills. 

Eemarks on Cx'poUation. — Cupellation is at once the mutest 
and the most impoitant of the dry methods of assaying. Its- 
purpose is to remove easily oxidisable metals, such as lead and 
copper, from silver and gold, which are oxidisable with difficulty. 
Metals of the first c lass are often spoken of as haae^ and gold and 
eilver as noble mettds. 

When l(:ad is exposed to the action of air at a lomptu'ature a 
little above redness, it combines with the oxygen of tho air to form 
litharge, an oxide of lead, ^chich at the temperature of its forma- 
tion is a liquid. C(>nsequcntly, if tho lead rests on a porous 
support, which allow, tho fused litharge to drain away JU' fast as 
it is formed, a fresh surface of th:‘ lead will be cojitinually exposed 
to the action of the air, and the op-'i-ation goes on until the whole 
of the load lias been removed. Silver or gold exposed to similar 
treatment does not. oxidi' e, .but retain^ its metallic condition ; so 
that an alloy of lead .and \iiv(U' similai'lv treated w'ould yield its 
lead as oxide, which would sink into t’le supjiort, while the f ilver 
would remain as a button of uotal. 

The porous support, wliicii is called a eujel (fig. 5), should 
absorb tho slag (oxide of Ie.ad, etc.) just as a sponge 0 )sorb8 
water, but must bo sufficiently fine-grained to be imperviouf^ to the 
molten metal. At first, sight it appears difficult to liltei, as it 
were, a fluid slag from a fluid metal ; but an ordinary filter-paper 
damped with oil will allow oils to run through and yet retain the 
water ; but damped with water it will allow water to run through 
and retain oils. Simikirly, fused slugs damp .mul filter through a 
cupel, but the mol fen metal not damping it withdraws itself into 
a button, which is retained. . 4 JtJiough, of course, if the cupel is 
very coarse-grained the metai may sink into the hollows. 

Copper, antimony, tin, and most other metals, form powdeiy 
oxides, which are not of themselves easily fusible, and it is neces- 
sary when the.se are present to iidd some solvent or flux to render 
the oxide sufficiently fluid. Tortimately, oxide of lead is sufficient 
for the purpose ; hence, mixed oxides of copper and lead, provided 
the lead is present in proper proportion, form a fluid ^og. 
separating copper from silver or gold, advantage is taken of this 
fait ; for, although w^e cannot cupel an alloy of copper and silveir,^ 
it is easy to cupel an alloy of copper, silver and lead. If, hoi^fS 
ever, the lead is not present in sufficient quantity, the whole 
, the copper will not be removed, and the button of silver, si{ll 
taining copper, will be found embedded in a caating of blade 
of copper. Copper oxidises less easily than lead does; and, 
seqi^ently, j<he alloy which is being cupelled becomes 
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richer in copper as the operation proceeds. It is on this account 
that the ill-elTects of the copper make themscl'v^s felt at the close 
of the operation, and that the oxide of copper is found accumu- 
lated around the button of silver. Tin and antimony, on the 
other hand, are more easily oxidised ; and the tendency of theii 
oxidee to thicken the slag makes itself felt at the commencement 
if the button of alloy once frees itself from the ring or crust of 
linfused oxide first formed, the cupellation proceeds quietly, and 
leaves a clean button of silver in the centre. But in either case- 
the cupellation is imperfect, and should be repeated with a larger 
proportion of lead. An unfused and, consequently; unabsorbed 
slag tends to' retain small buttons of alloy or metal, and thus cause 
serious loss. 

There is a principle underlying many of the phenomena of dry 
silver assaying which the student should endeavour to understand ; 
and which serves to emphasise and explain some facts which with- 
out an explanation may present diffic^iltics. If a button of molted 
lead be covered with a layer of slag rich in oxide of lead, and a 
second metal be added, this other metal distributes itself between 
metal and slag in proportions which depend mainly upon the 
with which it is oxidised, and to a largo extept upon the 
Native quantities of material present. ► Easily oxidisable metals 
such as zinc, iron, antimony and tin, will go mainly into the slag, 
and, if the proportion of the slag is large, very little will go into 
the metal. On the other hand, with metals oxidisable with diffi- 
culty, such as silver, gold, and platinum, the reverse holds true ; 
nearly the whole of the metals will go into the lead, and very little 
into the slag. If, however, the slag be very rich, say in antimony, 
the lead will contain antimony ; and, on the otlier hand, if the 
lead be very rich in silver, the slag will contain silver in apprecia- 
ble quantity. Copper, which is near lead in the facility with which 
it is oxidised, will serve for the purpose of a detailed example. 
The results of actual analyses of metal and slag formed in contact 
with each other are shown in the following table 





Copper. 

Lead. 

Copper. 


93-2 

71.4 

21.4 


80,0 

78.0 

17.0 

28.0 

72.0 

80.0 

I2-S 

32.0 

68.0 

86.0 

6.7 

85.0 

15.0 

90.Q 

1 3-6 


It will be seen from this table that the slagais always much, 
richer in lead and poorer in copper, than the metal with which it 
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is in contact, 
is;— 


The mtio of lend to copper in these five samples 


In tlir 


In the Slog. 

1 : 14 


I : 03 

I : 4 

... 

I : 0.2 

I ; 3.5 

... 

I : 0.16 

I : 2 

... 

I : 0.08 

I : 0.16 

... 

1 : 0.04 


Assuming these figures to be correct, the following statenici(it 
is approximately true. On oxidising an alloy of lo grams of 
copper and lo grams of lead, dnd pouring off the slag when 
3 grams of lead have gone into it, there will b^e a loss of (owing to 
the slag carrying it off) about 0.2 gi*am of copper. On repeating 
the operation, the next 3 granls of lead will carry with them 
about 0.5 gram of copper ; and on again repeating, 3 grams of 
load will remove 0.8 gram of copper. Finally, the last gram of 
lead will cany with it 0.3'gnam of copper, and tliere will be left a 
button of copper weighing 8.3 grams. The sing will have carried 
off altogether 1,7 gram of c<jpper, wdiich is 17 per cent, of the 
metal originally present. " * 

With the more pei-feet exposure to the air, and quicker removal 
of the ‘slag, which results from heating on a cupel, tlie loss wotdd 
bo heavier. Kai*sten got by actual experiment on cupelling copper 
and load in equal proportions, a loss of 21.25 per cent. 

Going back to tho example : if the slag were collected and 
fused with a suitable reducing .agent so as to convert, say, half of 
it into metal, tliat half would contain neai’Iy the whole of the 
copper (such a reduction is called “cleaning the sing”). On re- 
oxidising this metal, another button of copper is formed which, 
added to the first, would reduce the loss from 1 7 per cent, to, say, 
7 or 8 per cent. And it is conceivable that by a series pf similar 
operations, almost the whole of the 10 grams of copper onginally 
taken might be recovered. In practice the problem is (as far as 
the copper is concerned) not how to save, but how most easily to 
remove it ; and since the removal of this metal is quicker from an 
aUoy containing not too much lead, it is evident that two or three 
opemtions with small quantities of lead will bo more effectual 
than .3 single treatment with a larger quantity. With those 
metals (tin, antimony, &c.) which pass quickly into the slag, the 
contrary is true ; hence with these it is necessary to have enougl^ 
le.ad present, so that the slag formed at the outset shall cont^ 
enoi'gb oxide of lead to make it fluid. silver is so much lestf 
easily rtxidised than copper, we should reasonably expect that t^ 
proportion of silver carried off in the oxide of lead would be cdt>- 
sidei'ably le§s than that of the copper indicated in the ahoTt 
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example. Indeed, l. iere are one oi two facta which tend to en- 
courage the hope that the operation may be conducted without 
any to. If a piece of p’lre silver foil is exposed on a cupel to air 
at the usual tempcratuio of ciipellation, it undergoes very little 
change; it does not even fuse; it loses nothing in weight, and 
Joas not oxidise. In fact, even if oxide of tils or were formed 
under these conditions, it could not continue to exist, for it is de- 
conipo.sed into silver and oxygen at a temperature considerably 
below redness. On the other hand, oxide of silver is n >t reduced 
to metal by heat alone, when mixed with an excess of oude of 
lead ; while metallic silver is cjuvertcd into oxide when heated 
with' the higher oxides of lead, copper, and some other metals. 
That silver, and.even gold (which is more difficult to oxidise than 
silver), may be carried oif in the Slag in this way, is in agreement 
with experience. If lo grams of silver are cupelled with 

10 grams of load, there will be a loss of about 50 milligrams of 
silver, which is in j'ound numbers ‘i-3oth of the corresponding 
copper loss; with to grams of gold and 10 grams of lead, the loss 
will be 4 or 5 milligrams, which is about i-i2th of the corre- 
sponding silvei’ loss. 

Determination of Silver in Assay Lead. — Scorify 50 gi ams 
of the lead with 0.5 gram of powdered quartz or glass at not too 
high a teiuporatnre, When the eye has “closed in,” pour; reject 
the slag, and cupel the button of lead. Remove the cupel from 
the muffle immediately the operation is finished. Weigh, and 
make a prominent note of the result in the assay hook, as so 
many miligram.s of silver contained in 100 grams of lead. 

Determination of Silver in Red Lead or Litharge. 
iHise 100 grams of the oxide with from 10 to 20 grams of borax ; 
and in the case of litharge with 2 grams or with red lead 4 grams 
of flour. Cupel the lead, and weigh the button of silver. Note 
the result as in the last case. 

Determination of Silver In Argentiferous Lead.-— Ik 
CJ^reful in taking the sample, since with rich silver lead alloys tlu 
error from bad sampling may amount to several parts per cent. 
Cupel two lots of 20 grams each, and weigh the buttons of silver. 
Add to these the estimated cupel loss, and calculate the result. Or 
wrap each button of silver in 20 grams of assay lead, and re-cupel 
.side by side with tw*o fresh lots of 20 grams eacli of the alloy, 
i Calculate the loss incurred, and add on to the weight of the two 
fresh buttons got. 

« Determination of Silver in Bullion. — The remarks made 
under the last heading as to the importance of qprrect sampling 
apply with equal force here. Make a preliminary assay by cupel- 
ding 0.1 gram of the alloy with i gram of assay lead; calculate 
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the percentage composition. Refer to the table page 105 to 
find what weight Of lead is required for cupelling i gram of alloy. 

Weigh out four lots of i gram each, and wrap them i^ the 
required (piantity of lead. Make two chock pieces by weighing 
up two lots of fine silver equal to that which you believe to be 

present in the assay pieces ; 
add copper to make up the 
weight to I gram, and wrap 
in the same quantity of lead 
as was used for the assays. 

Prepare six cupels and 
charge thorn in the annexed 
order (fig. 45), and cupel. 
Guard against spirting. 
Clean and weigh the buttons 
of silver. Add the mean 
loss on the two check piece* 
to the mean weight of the four assiiy pieces; this multiplied by 
1000 will give the degree of fineness. 

'Determination of SUven^n Copper.— Tlie silver is best 
separated in the wet way before cu|K>lling5 but if the proportion 
is not too small, it can be found by cupellation. Weigh up 
3 grams of the metal, wrap in 30 grams of sheet lead, and cupel; 
when the cupellation has proceeded for fifteen minutes, add 
20 grams more load, and continue till finished. Weigh the button 
of silver. 

The cupellation loss will he five or six per cent, of the silver pre- 
sent. Determine it by powdering the saturated portion of the 
cupel and fusing in a large Cornish crucible with 30 grams each 
of Soda and borax, 10 grams of fltior spar, and gram of char- 
coal. Cupel the resulting button of lead, and add 10 grams more 
of lead towards the close of the operation. Deduct the weight of 
silver contained in the laid used from the weight of the two 
buttons, and calculate to ounces to the ton. 

In an experiment in which 0.1975 gram of silver was present, 
the weight of the button from the first cupellation was 0.1867, 
and that of the button from the second, after correcting for the 
lead added, was o.oi 10 gram. , 

Determination of Silver in Oalena. By Pot 
Mix 20 grams of the powdered ore with 30 grams of red lea^: 
20 grams of soda, and 5 grams of borax, as also with from 7 to, 
I9 grams of nitre. Fuse and pour. Clean the slag if tha 
LS rich. Oupel^the buttons of lead. Make the usual correctiooif 
and C(ilculato in ounces to the ton. 

, ScorifioatioUi — Take 10 geams of the ore, 30 gram* of 
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and 0.5 gram of h rax. Scorify, clean the slag by adding anthra- 
cite after the “ tye ” has closed in : cupel Jie button of lead. 
Weigh the button of silver, make the necessary corrections, and 
calculate to ounces to ihe ton. 

The deteTniination may also be made by cupelling the button 
of lead got in the dry lead assay. 

A sample of galena determined by the three methods gave th« 
following results : — 

Ty pot assay , , . 7.18 ozs. per ton. 

„ scorification • ,7.02 „ 

„ lead assay . , .6.72 „ 

Determination of Silver in an Ore. Bij Pot Assay,-^ 

Take 20 grams of ihe powdered ore and mix with 30 grams of. 
soda, 40 grams of red lead, and 5 grams of borax, aa also with 
fiom 2 to 3 grams of flour. Fuse : pour. Clean the slag by 

fusing with 20 grams of red lead and two grams of flour. Cupel 

the buttons of lead ; weigh ; make the necessary corrections, and 
calculate to ounces to the ton. 

By Scorification. — Tfiko 5 grams of the powdered ore, 50 grami 
of lead, and 0.5 gram of “soda” or borax. Scorify. Clean the 
slag by fusing in a crucible as in the pot assay. Cupeli ibct 

■ExamphL — i?// Pot Assay . — Ore taken 20 grams. 

Silver got. . , . 0.2S93 gram 

Silver from slag . . 0.0060 „ 

Silver lost in oupcllation . 0.0100 „ 


Dednct silver in red lead . 


0.3053 » 

0.0017 „ 


Silver in ore . . . 0.3036 „ s 495.9 ozs. per toil. 

. By Scorification.’^Qio taken, 3 grams. 

Silver got. , . . 0.0425 gram 

Silver from slug . , 0.0022 » 

Silver lost in cupcllation . 0.0020 ^ 


Dcdnct silver in lead 


0.0467 „ 
0.0015 If 


Silver in ore . . • 0.0452 « * 492.2 ozs, per ton. 

Determination of Silver in Silver Ppeoipitate.-~This sub- 
Itance contains, in addition to metallic silver and gold, sulphates 
lead and lime ; oxides of 2dnc, copper, and iron ; and more or 
less organic matter. The sample' as received is generally free 
from “ water at loo* C.” ; and, since it rapidlj^ absorbs water, 
^re should be taken in weighing it. 
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Since it contains, combined water it is not suited for scorify- 
ing ; therefore the Sctermination of silver and gold (fine metal) 
is made by pot assay. Weigh up 5 grams of the precipitate, 
mix with TOO grams of litharge and i gram of charcoal. Melt 
in a (srucible at a moderate heat and pour. Detach the slag, 
replace in the crucible, and, when fused, add a mixture of 
20 gRims of litharge and i gram of charcoal. When the fusion 
is again tranquil, pour; and cupel the two buttons of lead. 

In a sample worked in this manner the mean of four determi- 
nations gave 0.68 19 gram of “fine meta^ deducting i milligram 
for the silver contained in the oxide of lead, and adding 8 milli- 
gmuis for the cupcllation loss, there is got 0.6889 gi’^m or 
13.778 per cent of silver (and gold) in the sample. 

Determination of Silver in Burnt Ores. By Pot Assay. 
— Roasted cupriferous pyrites containing small quantities of gold 
and silver comes under tliLs heading. The following mixture 
will give a fluid slag which is heavy and tough when cold : — 

Or«. Uorax. Saad. Lilharica. CharcotL 

100 ... 50 ... ... TOO ... 7 

Mix; place in a large crucible; cover with salt; and melt down 
under cover. When fused drop in an iron rod for a few minutes, 
and about a couple of minutes after its withdrawal, pour the 
charge quickly into a large coni(»l mould. The button of lead 
should weigh about 50 grams. Cupel and weigh the silver. The 
litharge may be replaced by red lead, in which case another 
gram of charcoal powder must be added. 

In our experience the results obtained by this method are about 
20 per cent, loss than the actual content of the ore. The results 
of two assays, after deducting for the silver in the litharge used, 
were 3.9 and 4,1 milligrams ; and a third ass.iy, in which 5.4 milli- 
grams of silver had been added, gave 9,2, which, after deducting 
the added silver, leaves 3.8 milligrams. The average of the three 
results is 3,9 milligrams from the 100 grams of ore. 

Two lots of 100 grams of the same ore ueated in the wet way 
gave 5.2 and 5.0 milligrams of silver. Burnt ores from Spanish 
pyrites carry about 0.005 per cent, of silver. 

WET METHODS. 

Silver is got into solution from its ores by attacking with 
nitric acid, but it is best, after dissolving, to cautiously add dilate 
hydrochloric acid, and to carefully avoid excess. If the quantity 
jof silver is very small the solution is allowed to stand twenty-four 
.hoursf, but, otherwiic, it is warmed and filtered as soon as it dean 
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Dry the rcBi«Hu *’iid concentmto the silver iu a button of lead 
by pot method or scovilication, according to tne amount of stoii} 
matter present. Cu^>el the lead, and the resulting button wil 
be free from all metals, except perhaps gold. It may be weighed , 
or dissolved in nitric acid, and the silver determined gravi- 
mutrically in the diluted and filtered solutii.c. It is better to 
weigh th^ metal and afterwards to detennme the gold in it, esti- 
mating the silver by difference. Silver alloys are dissolved in dilute 
nitric aci'l O’ree from chlorides), diluted, and filtered. The solu- 
tion is then ready for gravimetiic determination. 

Sulphuretted hydrogen precipitiites silver (like copper), com- 
pletely, even from fairly acid solutions. 


GRAVIMETBIC DETERMINATION. 

Add dilute hydruchloric acid in small excess to the hot dilute 
solution, which must contain free nitric acid. Heat and stir 
until the solution clears. Decant through. ^ small filter, and 
wash with hot water, acidulated at first with a, little nitric acid 
if bismuth is suspected to be present. Dry quickly, ti-ansfer as 
much as possible of the precipitate to a watcbglass; burn and 
ignite the filter paper, ti eating the ash first with two drops of 
nitric acid and then with one of hydrochloric, and again dry. 
Add the rest of the silver chloride and heat slowly over a Bunsen 
burner until it begins to fuse. Cool and weigh. 

The precipitate is silver chloride (AgCl) and contains 75.27 i)er 
cent, of silver. The moist precipitate is heavy and curdy ; it is 
decomposed by direct sunlight, becoming violet under its influence. 
When heated it is yellowish ; and, since it is volatile at a high 
temperature, it must not, in drying, be heated above its fusing 
point. The fused chloride can be removed from the crucible 
(to which it adheres strongly) by digesting with dilute acid and 
zinc. 

For the determination of silver in nearly pure bullion the fol- 
lowing process is used: — ^Weigh up 1.5054 gram of the alloy. 
With this amount of alloy each t milligrams of silver chloride 
formed is equivalent to i degree of fineness, so that the weight of 
the silver chloride obtained (stated in milligrams and divided by 2) 
will give the degree of fineness. Transfer to a bottle (known as 
“bottles for the Indian mint assay”) and dissolve in 10 c.c. of 
dilute nitric acid, then make up with wrater to 200 c.c. and add 
3 c.c. of dilute hydrochloric acid. Allow to stand a few minutes 
and then shake. Fill the bottle completely wTth water, allow to 
settle, and qqphon ofi* the clear liquid ; ^ur on more^ water, 
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i^ake gently to bfeak up the i faijis, and again fill the bottle 
with water. Invert over the mouth of the bottle a porous 
Wedgwood cnicible, somewhat similar to those used in gold part- 
ing. Take firm hold of the crucible and bottle, and invert 
promptly bo that the silver chloride may be collected in the 
crucible. Allow to stand a little while for the precifutate to 
settle, and then carefully remove the crucible under water.* 
Drain off rm)st of the water and break up the silver chloride jvith 
the help of a well-rounded glass rod. This greatly facilitates the 
subsequent drying. Dry first on the water bath and then on the 
iron plate. Itemove the dried silver chloride, by inverting the 
crucible, and weigh it. 

As an example, 3 determinations of silver in a coin carried out 
in this way gave ; — 

(1) 1.8500 gram AgOl *■ 025.0 fineness. 

(2) 1.8498 ^ s, 924-9 »» 

(3) 1-8502 „ = 925.1 „ 

Determination of Silver ill Burnt Ores.— Talc 0 100 giams 
of the ore and place in a large beaker of 2J iities capacity, and 
cover with 375 c.c. of hydrochloric acid. Boil for half an hour 
until the oxides are dissolved and the residue looks like sand and 
pyrites; then add 20 c.c. of nitric acid, and boil till free from 
nitrous fumes. Dilute to 2 litres with water, and pa.ss a current 
of sulphuretted hydrogen till the .iron is reduced, the copper 
and silver precipitated, and the liquor smells of the gas. This 
takes about one hour and a half. 

Filter off the precipitate (rejecting the solution) and wash with 
warm water. Dry and transfer to an evaporoting dish, adding 
the ashes of the filter paper. Heat gently with a Bunsen burner 
until the sulphur burns, and then calcine until no more sul- 
phurous oxide comes off. When cold add 30 c.c. of nitric acid, 
boil and dilute to 100 c.c. Add 1 c.c. of very dilute hydrochloric 
.add (i to ioo),t stir well, and allow to stand overnight. 
Decant on to a Swedish filter paper, dry and calcine. 

Mix the tushes with 100 grams of - litharge and i gram of 
charcoal, and fuse in a small crucible. Detach the button of lead 
uid cii^L Weigh and make the usual corrections. As un ex- , 
ample, roo gmms of ore treated in this way gave 5 8 milligrams . 
of «lver; deducting 0.8 for the silver added in the oxide of l^ad^ 
leaves 5 milligrams obtained from the ore. 4 .nothor experime]^ 
oh 100 grams of the same ora to which 5 m'iHigi'ams of silverl^B 

• Be careful to ramove the crucible before taking the bottle 
basin of water : if t^is is not done the chloride may be washed it. f 
of tms dilute add will precipitate 8 or 9 nulligramiij|||^ver.. . J 
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been adde^l gave ii.o milligraics. Deduct ^.8 for the silver 
added; tins leaves 5.? milligrams as the silver obtained from 
the* 01 e. These give, as a mean result, 0.0051 per cent., or 
1.66 ounce per Ion. 

Determination of Silver in Commero n’ Copper.— For 
the method ot doing tliis, with an exam2)Io auu ex])eriniont, see 
under the heading of Examination of Commercial Copper. 

VOLUMETRIC METHODS. 

There are two of these, one adapted for the determination of 
silver in alloys of approximately known composition, and tlie 
other of more general application. The first of these, generally 
known as “ Gay-Lussac’s ” method is, as regards its working, 
perfect in principle ; but it requires a practically constant quantity 
of silver, that is, one which varies by a few milligrams only in 
each determination. It is a confirmatory method rather than a 
determinative one. The other is known ns “ Volhard’s,” and 
resembles in principle and method an ordinary volumetric pio- 
cess. 

Gay-Lussac’s method is based on the precipitation of silver 
from a nitric acid solution by a solution of sodium chloride. The 
point at which the whole of the silver is precipitated being recog- 
nised by the standard solution ceasing to give a precipitate. Tlije 
process depends for its success upon, (i) the ease which silver 
chloride separates out from the solution leaving it clear after 
shaking, and, (2), the cloudiness produced by the reaction of very 
small quantities of silver nitrate and sodium chloride. In work- 
ing, a quantity of the sodium chloride solution equal to i gram / 
of silver is added at once to the assay ; and, when the solution 
has been rendered clear by shaldug, the residual silver (which 
should not exceed a few milligrams) is estimated with the help of 
a weaker solution of sodium chloride. Tlie success in working 
evidently depends upon the accuracy with which the' first addi- 
tion of the salt solution is made. On this account the standard 
solution is run in from a special pipette capable of delivering a 
; practically invariable volume of solution. It is not so important 
that this shall deliver exactly 100 c.c. as that in two consecutive 
deliveries the volume shall not differ by more than 0.05 c.c. 
The dilute salt solution is one-tenth of the strength of that first 
tun in, and i c.c. of it is equivalent to i milligram of silver,^ 
Ordinarily it is run in i c.c. at a time (and an ordinary burette 
j^y be used for this purpose), shaking betwe^ each addition 
mtil it ceases to give a precipitate. If many such additions have 
to be made the operation not only becomes tedious, but the^lu- 
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tion also ceases to clear after sliakiiig, st) that it becomes impo»* 
, sible to detormiji 5 the finisliiii" point. 

If the assa}? contains less than one gram of silver the* first 
addition of the dilute salt solution of couj-so produces no precipi- 
tate, Five milligrams of silver in solution ( c c.c.) is then added, 
and the assay proceeded with in the usual way; c; milligrams of 
silver being deducted from the .imount found. 

Thei-e is required for the assay a siamJard sohdlon of sodium 
chloride, wliich is prepared hy dissolving 5..; 162 giams of the salt 
(made by neutralizing carhonate of coda wii'h hydrochloric acid) 
in water and diluting to one ]itr( 5 . 100 c.c. of this is etpii valent 

to I gram of silver. 

Tlie weaker solution of salt is made by diluting 100 c.c. of the 
stronger one to one litre. One t‘.c. of this wdll equal i milligram 
of silver, or o.t c.c. of the stronger solution. 

A standard solution of silver equivalent to tJ»e dilute sait 
solution is made hy dissolviag 1 gmm of fine sih'or in 10 c.c. of 
dilute nitric acid, and diluting wilh water to one litre. 

The solution of salt is s^j^^dardised as follows i — Weigh up 
1.003 gi***'!^ of fine silver and dissolve in 25 c.c. of dilute mtri<>} 
acid in a bottle provided witli a well-fitting 
headed stopper. Heat on the water bath to lus^t 
solution, resting the bottle in an inclined position. 
When dissolved blow out tlie nitrous fumes with the 
help of a glass tube bent at right angles. Hun in 
from a stoppered pipette (as shown ya fig. 44) 100 c.c. 
of (ho standard Sidt solution, and shako vigorously-; 
until the solution clears. Fill an ordinary buvcljt^ 
with the weaker standard salt .solution, and run f*c.c. 
into the assay bottle, letting it run down the side so 
that it forms a layer resting on the assay solution. 
If any silver remains in solution a cloudy layer will 
be formed at the junction where the two liquids 
meet. This is best observed against a black back • 
Fio. 44. ground. If a cloudiness is seen, shake, to clear the 
liquid, and run in another c.c. of salt, and continue 
this until a cloudiness is no longer visible. Deduct 1.5 c.c. from 
the amount of the weaker sodium chloride solution run iti, 
'Divide the corrected i*eadii)g by 10, and add to the 100 c.o. 
This wdll give the volume of strong salt solution equivalent to 
. the silver taken. 

• *f the first addition of the weaker s.'ilt solution causes no, 
•loudiness adc?, 5 c.c. of the silver solution from an ordina^; 
pipette, shake, and then ran in the weaker salt solution, watla^' 
M V^fore. JThese 5 milligrams of silver added must 
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for before calculating. As an example: — x.o^oc am of fine 
silver was taken for standardising a solution an.* , c.c. of the 
weal£er salt solution were run. in. Deducting i .^ and dividing 
by 10 gives 0.25 c.c. to be added to the 100 c.o. 

100.25 ‘ i-oioo : : 100 * » 

X = 1.0075 

which is the standard of the salt solution. 

The method 01 working an assay may be gathered fiAii the fol- 
lowing example : - In the determination of silver in some buttons 
left after cupellation, it was a.^^-nmed that these would contain 
99.5 per cent, of silver. For the assay it was necessary to take a 
quantity that should contain a little more than 1.0075 grams of 
silver ; then 

99.5 : 100 : : 1.0075 ; x 
u. = 1.0125 

To ensure a slight excess, there was taken 1.0150 giam of the 
buttons, which was treated in exactly the same way as for the 
standardising. The quantity of the weaker salt solution required 
was 7 c.c. ; deducting 1.5 c.c., and dividing by 10, gives 100.55 c.c. 
of sti*ong salt solution, which is equivalent to 1.0130 gram of 
silver. This being obtained from 1.015 gram of alloy, is equal to 
99.8 per cent., or 998.0 fine. 

The Effect of Temperature. — The standardising and the 
assay must bo done at the same time, since a difference of 5® C. 
makes a difference of o.i c.c. in me.‘i.suiing the loo c.c. of strong 
solution of salt. It is always best to prepare a standard with each 
batch of assays. 

SULPHOCYANATB METHOD. — Volh.ird’s process is 
based upon the precipitation of silver in nitric acid solutions 
with potassium sulphocyanate, the finishing point being the 
development of a reddish-brown colour, produced by the action 
of the excess of sulphocyanate upon ferric sulphate. The white 
sulphocyanate settles readily, leaving the liquor clear: and a 
persistent brown coloration in the liquid indicates the finish. 
The assay must be carried out in the cold ; and water free from 
i^lorides* must be used. 

^ The standard sulphocyanate of potassium solution is made 
by dissolving 4^ or 5^ams of the salt (KCyS) in water, and 
diluting to i litre. 100 c.c. are about equivalent to 0.5 gram of 
•ilver, 

• Chlorides interfere not merely by removing silver as insoluble silver 
, chloride, bat also by making it difficult to get a goodie finishing point, 
owing to the silver chloride removing the odorf Irom the redaened 
, eolntron. 
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r/ie Staiidard silver , titrate solvliiw is madi; by diwolvinp 5 SjaM* 
of line silver in 50 c.c. of dihile i.itric acid, boibiig oil iii/-ro is 
fumes, and diluting to I litre. 

The indicator is a saturated solution of iron alum, or a solution 
of feme sulphate of eipiivalent strength made by titmting ai-.d 
ferrous sulphate with potasainm permangiinato. Use 2 c.c. lor 

eai’li fissay. . t , i • p 

'rhfi Kufpliofrvanaie solution is standardised by P'acin?? 5 ® 
the silver nitike solution in a flask with 20 c.c. of dilute mine 
acid, dilntinj? to 100 c.c. with water, and running in the suJpho- 
cyanate until the greater part of the silver is precipiUted ; then 
adding 2 c.c. of the ferric indicator, and continuing the titration 
until a reddish-brown colour is developed, and remains permanent; 
after shaking continuously. The assay is similarly performed, the • 
silver being used in the state of a nitric acid solution. 

The effect of variations ki the conditions of the assay may M 
seen from the following exp-aments, in which 20 c.c. of standard 
silver nitrate were used 


Effect of Varying Temperature 

Temperature io‘ 30® 0 . 70 C. 100 C, 

Sulphocyanate reqd. 19.6 c.c. 19.3 c.c. 19.0 c.c. ib.C) c.c. 

Effect of Varying ISTitric Acid Varying nitiic acid has 
no effecii, except that with a fairly acid solution the timshing point 
IS somewhat sharper. 

Nitric ocid added 5 c.c. 10 c.c. 20 c.c. 50 c.c. 
Sulphocyanate reqd. i9.6p.c. 19.50.0. 19.60.0. 19.6 c.a 


Efifeot of Varying Bulk 

50 C.C, 100 c.c, 200 c.c. 300 c.c. 

Sulphocyanate reqd. 19.5 c.c. 19.6 c.c. 19.6 c.c. 19.7 c.c, 

Effect of Varying Ammonic Nitrate : 

Ammonic nitrate o gram i gram 5 grams 10 grams 

gulphocyanate reqd. 19.6 c.c. 19.6 c.c. 19.7 c.c. 19.9 c.c. 

Effect of Varying Silver . 

SUvoraddU i c.c. «•«• * V'’" ' 

Sulphocyanate reqd. i.oc.c. 9.7 c.c. 19.$ c.c. 49.4 c-tf. 

This method'is valuable for determining silver in Balts , 

*id solutioni, where no more tlian an ordinary degree of aa) i^^ 
is demanded. - It is easy, and applicable under most tS tl» 
eonditions. Its 'greatest disadvantage is the browew^PHSl 
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produced by the sulphocynnate wlienthe .assay is*noarly, but not 
quite, iiiiislied j ami 1 he slowness with whicli this is removed on 
shaking up with the precipit.ate. TJiis is worse with large 
quantities of precipitate, and if about i gram of silver is piesont, 
it gives an indoftniteness to tho' finish which lowers the precision 
of the process to about i in 500 ; this is iisehiss for the assays of 
bullion. One writ/u* states that this inconvenience is duo to 
portions of liquid, being entangled in the precipitatd', but it 
appears much more likely to be due to tlm action of the precipitate 
itself. In iittemnLirig to apply the process to the assay of bullion 
by working it on the principle of a Gay-Lussac assay, it was 
found that a very considerable excess of silver was required to 
complete the r-eaction. In these experiments 100 c.c. of “sulpho- 
cyanate ” (very accurately measured) was run into the solution 
containing the weighed portion of buHion (fine silver) and, after 
shaking the solution, was filtered. In the filtrate* the remaining 
fiilver, if there should be any, was determined by the ordinary 
titration, but with “ sulphocyanate of one-tenth the strength. 
This final titration was quite satisfactory. The amount of silver 
precipitated by the first 100 c.c., however, varied with the 
quantity of sih c r pre.sent as in the following series.* 


Bilvor pre-.ent. 
1. 1342 gram. 
I-I 375 » 
1.1405 » 
1.14^4 M 


Silver prodi'ltated, 
1. 1322 gmm. 
i-> 33 S M 
1.135 < M 
1-1379 n 


These, of course, preclude a method of the kind aimed at, and 
at the same time emphasise the importance of uniformity of work 
ih the ordinary process. In the determination of chlorides in sea.* 
water, Dittmar used a combined method : precipitating the bulk 
.of the 'silver as chloride, and after filtering, determining the 
small excess of silver by sulphocyanate. This modification 
answers admirably when applied to the assay of bullion. In the 
^dinary Gay-Lussac method, the precipitation of the bulk of the 
pljrer by the loo c.c. of salt solution leaves nothing to be desired, 
as to ease in working or accuracy of result; the silver 
^mpitate settles quickly, and leaves a clear liquor ' admirably 
^^d for the determination of the few milligrams of silver 
3 ^^ining in solution. But the method of determining this 
^aidual silver by adding successive small quantities of salt so 
they continue to give a precipitate is unsatisfactory, and, 

f .ThesjS results were obtained when using ammonium sulphooyanat^, 
be explained by the presence of such impurities as chlorides, &.o. 
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judged on its own merits apart from the ro&t of the process, could 
hardly escape condemnation. It is clumsy in practice, for the 
continued adding of small portions of salt solution is liiborious 
and becomes impossible with more than a few milligrams of silver 
in solution. The proposed modification is simple ; having 
precipitated the silver with the loo c.c. of salt solution, as 
described under Gay-Lussac’s method (page 120), shake till the 
liquor dears, and filter into a flask, washing with a little distilled 
water. Add 2 c.c. of ** ferric indicator ” to the filtrate and titrate 
with a standard “ sulphocyanate solution ” made by diluting the 
ordinary standard solution to such an extent that 100 c.c. after 
diluting shall be equivalent to o.i gram of silver.* Calculate the 
weight of silver found by “^sulphocyanato ” and add it to the 
weight which 100 c.c. of the salt solution will precipitate. 

An advantage of this modification is that axi excess of 15 
milligrams may be determined as easily and exactly as 5. In 
standardising the salt solution, then, weigh up, say 1.0150 gram 
of pure silver, dissolve and titrate. Suppose 13.5 c.c. of “ sulpho- 
cyanate” requii’ed ; then “these are equivalent to .0135 gram of 
silver, (100 c.c.-.i); the silver precipitated by the salt is 1.0150 
“ .0135 — i.e., 1.0015 gram, which is the standard. 

Application of the Method to Assays for Arsenic.-’-If 
silver nitrate be added to a neutral solution of an arsenate of one 
of the alkali metals, silver arsenate (Ag.,AsO^), is thrown down 
ns a dark -red precipitate. If, after adding excess of silver nitrate 
to insure a complete precipitation, the arsenate of silver be 
filtered ofi’, the weight of the arsenic could be estimated from the 
weight of silver arsenate formed. But this may be done much 
more conveniently by dissolving the precipitate in nitric acid, and 
titrating with sulphocyanate ; the silver found will be to the 
arsenic present as 324 (108 x 3) is to 75. 

The mineral is best treated by the method given in the third 
paragraph on page 382 ; but the solution, after being acidified 
with nitric acid, should be made exactly neutral with ammonia, 
A small excess of silver nitrate should then be added, and since 
acid is liberated in the reaction, the liquor must again be ^ 
neutralised.t The precipitate must then be filtered off, and 
washed with distilled water. Then dissolve it in the paper by", 
slowly running over it 20 c.c. of dilute nitric add. Waw .the 
filter with distilled water, collecting with the filtrate in a 
flask. Add 2 c.c. of ferric indicator and titrate. . 

* Multiply the itandard by 1000, and dilute K^o.c. of the standaiAl 
'solution to the resulting number of o.c. ThuL.^Jlth a solution of 

standard .495* dilute 100 c.c. to 495 c.c., using, ^JbtiTBe, distilled watar,/^ 
• t HNagAsO, + 3 AgNO, * Ag,AsO, + H^^faNaNO^ 
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If tlie BTilphocyanaie solution be mada up with or 12 ^Tams 
of the potassium salt to the litre, and be then standardised aTul 
diluted, so that for 100 < c. it sliall equal 1.08 gram of silver, 
(see p. 38), then it will also equal *25 gram of arsenic (As). 
Except for ores lich in arsenic, it will bo better to work with a 
solution one half this strength. The standard as calculated from 
an experiment with piu’e silver should be checked by another 
using pure resubliined white arsenic, As^O,, which contains 
75-75 % of the metal. The (piantity of white arsenic taken, .1 
or .2 gi'aiu, should contain about as much arsenic as will be 
present in tlie assays. It is converted into sodium arsenate by 
evaporating to a small bulk with nitric acid and neutralising with 
soda. The precipitation and titratiop of the silver arsenate should 
be exactly jis in the assays. 

The difficulty of the method is in the neutralising ; which has 
to bo very cai efully done since silver arsenate is soluble in even 
faintly acid solutions ; one drop of nitric acid in 100 c.c. of water 
J*. enough to produce an absolutely worthless result ; and an 
*^cess of acid mucli less tliaii this is still very prejudicial. The 
addition of a little sodium acetate to the solution after the final 
neutralising has a good '^>^ect. 

Arsenic in Mispickel. — Weigh up .250 gram of the finely- 
powdered ore, and place in a Berlin crucible about or tj inch 
in diameter. Treat witli ro or 12 drops, one drop at a time, of 
strong nitric acid, warm very gently, but avoid much heating 
Put on a thin layer of nitre, and I'ather more than half fill the 
crucible w'ith a mixture of equal parts of soda and nitre. Heat 
quickly in the blow-pipe flame, and wdien the nia.-.s is fused anti 
effervescing, withdraw and allow to cool. Boil out with water, 
filter and wash. Insert a piece of litmus paper and cautiously 
neutralise with nitric acid, using ammonia to neutralise any 
accidental excess of the acid. Add a gram or so of amuionium 
nitrate and silver nitrate in excess, neutralise again with ammonia 
and add two or three grams of sodium acetate. Filter off the 
precipitate, wash and titrate. In the fusion care should lx* 
takieu to avoid much effervescence (an excess of the soda initi- 
^ tes this) and the operation should be stopped as soon as the 
whole has entered into fusion. 


COLORIMETEIC DETERMINATION. 

> l^ere is, properly speaking, no colorimetric method, but the 
following, which is sometimes used, is based on similar piiuciplee# 
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It IS useful for tlio determination of small quantities of silver in 
siibsfcanees which yield clear solutions with nitric acid. 

Dissolve a weighed quantity of the siibstjince in nitric a6id, and 
dilute to a definite bulk. Divide into two equal parts. To wie, 
add a drop or two of dilute hydrochlorh; acid, stir and filter. To 
the other, add a similar amount of dilute acid, and then to the 
iiliored portion i*nii in from a burette standard .silver nitrate 
(i c.c. ~ 0.5 milli<^ram silver) until the solutions are equally 
turbid. Calculate in the usual way. 


GOLD. 

Gold occurs in nature chiefly as metal. It always contains 
more or less silver, and, in alluvial sands, &c., may bo associated - 
witli platinum and ii-idium. 

Gold is in.soluble in hyllrochloric or nitric acid, but is dissolved 
by aqua regia or by solutions of iodine, bromine, or cblorino. It 
is taken up by nuji’ciny, farming an amal^^ra, from which the 
mercury may bo driven off by he.it . ' 

When gold oc(uii*s in pp-rticlv-s of any size, it is readily detected, 
by iis appearance, but when finely disseminated through a large 
quantity of rock, it is separated and detected by the amalga- 
mation assay — described- below — or by a process of washing 
Bomcwiwit similar to vanning, or by the following test :-~PowJer 
and, if necei’sary, roast 50 to 1 00 grains of the ore, put bn it three 
or four crystals of iodine and enough alcohol to cover it ; allow to 
stand for half an hour ; a piece of filter paper moistened with - 
the liquid and burnt leaves an ash with a distinctly purple, 
tint if any gold is present. It is bettor, however, to filter off 
the solution, evaporate, and ignite. Then, either take up with 
mercury, and ignite the amalgam so as to get a speck of th^ 
metallic gold ; or treat with a few drops of aqua regia, and test 
the solution with stannous chloride ; a pui-plo coloration indicatef 
gold. 

AMALGAMATION ASSAY.— Tliis does not attempt tb. 
give the total produce of gold, but rather the' quantity which can„ 
be*bxtracted on a large scale ; therefore it should imitate as closely'? 
as po.ssiblo the process adopted in the mine or. district for ea6*i 
tracting the metal. . ' : .j 

Take 2 lbs of the ore in powder and roast ; make into a 
paste with hot water and rub up for an hour or so with a 
mercury, lyash off the sand carefully, and. collect the 
Drive off the mercury by heat, and weigh the residual goidv/ 
ia best toicupel it with lead before weighing. 
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In an expciimont on a lot of oro which contained 0.189 
of gold, 0.179 obtained by the above process, equal to 

about^ 94^‘ per cent, recovered. With ores generally, the yield 
may be from 80 to 90 per cent, of the actual gold present. 


DRY ASSAY. 

The dry assay of gold ores resembles in its main partiridars the 
- dry .assay for silver by the crucible method ; mid for nuKh that is 
of importance in its discussion the student is referred to what is 
written under Silver on pp. 90-113. 

Size of Assay Charges. — Gold ores rarely contain more than 
a few ounces, often only a few pennyweights of gold to the ton ; 
consequently, the button of gold obtainable from such quantities 
of ore as may be conveniently worked by assaying methods is 
often so small as to require more than ordimiry care in its 
/nanipulation. One milligmm of gold forms a button of about 
the size of one of the full-stops on this page, .and compared wdth 
a million similar particles of quartz (about four ounces), represents 
a produce of a quarter of an ouiico to the ton : a proportion such 
as the assayer is frequently called on to determine. It is evident, 
. therefore, that a charge of half .an ounce or less of the ore, such 
as is usual with silver ores, would demand of the worker both 
skill and caro in the handling of the minute quantity of gold to 
be obtained from it. Fortunately the work is simple and precise, 
so that in pr,actised hands and with only a 5 -gram chai’ge the 
assay of a 5-dwt. ore is practicable; with so small a charge, 
however, the result is barely perceptible on a sensitive balance : 
the button of gold should bo measured under a microscope. It 
follows, therefore, that Larger charges of Riy 50, 100, or even 200 
grams, have an advantage in that they le-ssen the strain on tlie 
worker's attention, and, except in the case of tho poorest mineral, 
bring the button of gold within the scope of the balance. On the 
other hand, the inconvenience of the larger charges lies in the 
. amount of fluxes and consequent size of the crucibles required to 

f ux them. 

< Sampling. — A further consideration in favour of the larger 
i Charges is the matter of sampling. In preparing his ore, the 
^^^udent should ask himself what reasonable expectation he has 
f4hat the portion he puts in the furnace will bo of average 
yichness. The larger charges are likely to bo ne.arer than the 
l^aller ones to the average of the parcel of ore from which 
^thev arc taken In explanation of this, let us suf^pose a large 
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heap oi 5-dwt. ore, in sand of the coarseness of full-stops, and 
containing all its *gold in particles of i milligram, as uniformly 
distributed as care and labour in the mixing cari accomplish. 
Such a heap could not possibly occur in pnictice, but it will servo 
for purposes of illustration. Now, one ton of the sand, however 
taken, would contain appreciably the same quniitity of gold as 
any other ton. For a ton would contain .about 8000 particles of 
gold; and^even if two separate tons difibrod by as much as 100 
])articles (which tliey are just likely to do), tins WD'ild mean only 
a dilTerence of i or 2 grains to tho ton. On the other liand, 
two portions of 14 lbs., wliich should cof’tain on the average 
50 particles of gold, are likely enough to differ by 10 particles, 
!ind this, calciilaterl on a ton, means a difference of i dwt. It is 
easy to see that something Ifke. this should be true ; for on 
calculating the 14-II). lot up to a ton, the deviation from tho 
average, whatever it may be, is multiplied by 160; whereas, if 
the ton were made up by affding 14-lb. lot to T4-Ib. lot, up to the 
full tale, then a large proportion of the erroi-s (some being in 
excess and some in defect) JBOuld neutralise each olher. An 
average which is practically true when dealing with thousands, 
and perhaps sufficiently exact with hundreds, would be merely 
misleading when applied to tens and units. Benaonable safety in 
sampling, then, is dependent largely on the number of particles of 
gold in the chai’ge taken, and the risk of an abnormal result is 
less, the larger the charge taken. 

By doubling the charge, however, we merely double the 
number of particles. Powdering finely is much more effective ; 
for, since the weight of a particle varies as the cube of the 
diameter, halving the diameter of the particles increases their 
number eight-fold. If, now, we modify our illustr.atioii by 
assuming the particles to have only one-sixth the diameter of a 
full-stop (which would represent a powder of a fineness not 
unusual in ores prepared for assaying), we should multiply the 
number of particles by 200 (6x6x6 = 216). We should then 
reasonably expect a 14-lb. parcel of the powder to give as safe a 
sample as a ton of the sand would give ; and portions of a size fit 
for crucible work, say 50 or 100 grams, would bo as safe as 10 or 
20-lb.*' samples of the coarser stuff. For example, 60 grams of 
such powder would contain, for a 5-dwt. oro, about 100 particles; 
and in the majority of cases the error duo to sampling would be 
less than 10 or 12 pains to the ton, and would only occasionally 
fexceed a pennyweight. With richer orc.^ the actual deviation- 
stated as so much to tlie ton of ore might be greater, but it 
would represent a smaller proportion, stated in percentage ot the 



goM actually present, and would ultimately fall within the limits 

unavoidable error. 

It* will be seen that the size of the quartz particles has no 
direct bearing on the argument; and, in fact, coarseness of 
the quartz only ‘nterferes by preventing the uni m mixing of 
the sand and by binding together several particles of gold ; in this 
last case, particles so united must, of course, count as one larger 
particle. Now, there are some natural ores in which the gold 
particles are all very small; with these fine powuciing and 
mhdng yields a product from which a sample may bo safely 
taken. Then, again, in tiiiliiigs,” before or after treatment 
with cyanide, wo have a similar material, inasmuch as the 
coarser gold has been removed by previous amalgamation. "With 
these, it is not unusual to take the portion for assay without any 
further powdering, since they are poor in goM, and have already 
been stamped and passed through a sieve of say thirty holes to 
the inch (linear). 

But there are other ores, in lump showing no visible gold, 
which contain the gold in all possible degrees of fineness, from 
say prills of a milligram or so down to a most impalpable powder. 
The trejitment of tliese cannot be so simple and straightforward. 
Suppose a parcel of looo grams (say 2 lbs.) of such ore in fine 
powder, containing on an average i particle of 1 milligram (the 
presence or absence of which makes a difference of .6 dwt. on the 
ton), 10 others of about .5 milligram (each representing .3 dwt.), 
and 100 others, which are too coarse to pass through an '80 sieve, 
and having an average weight of .1 milligram (each .06 dwt.), 
and that the rest of the gold, equivalent altogether to 2 ounces to 
the ton, is so finely divided that a charge of 50 grams may be 
taken without any considerable risk of its interfering with the 
sampling. Then in a 50-gram charge there would be one chance 
in twenty of getting the milligram particle, in which case the 
result would be 12.35 on the other hand, if it 

were not present tht) re.sult would on this account be .65 dwt. toe 
low. Of the ten .5-milligram particles, it is as likely as not that 
one will be present, and its presence or absence would cause an 
error of 3.3 dwts., more or less.. Of the 100 particles of .1 
milligram, there would probably be from 3 to 7, instead of 
5, the proper number; this would mean a variation of 2.6 
dwts. from the true proportion. So that the probable result 
would range about 5 dwts. more or less than the 2J ozs., 
which is the true produce, and there are possibilities of astound- 
mg results. It is true that the majority of tl]# results would 
be well within these limits, and now and again the heart of 
the etudent would be gladdened by a beautiful concordance in 
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duplicate assays; neverthelesSy there can be no reasonable 
expectation of a good assay, and to work in this way, on a 50- 
gram charge, would be to court failure. The coarse gold must 
ruiii the assay. 

The difficulty may be met by concentrating the whole of the 
coarse gold in a small fraction of the ore, by sifting and making a 
separate assay of this fraction. A portion of the ore, .of about 
1000 grams, is ground to a very fine powder and passed through 
an 80 sieve, re-grinding when necessary, until only 20 or 30.. 
grams is left of the coarser powder. This is mixed with fluxes 
and carried through as a separate assay. The sifted portion is 
thoroughly mixedj and a portion of it, say 30 or 50 grams, taken 
for assay. The weights of „the two portions must be known, and 
care must be taken that nothing is lost in the powdering. The 
. method of calculating the mean result from the two assays is 
shown on page 109. In this way of working there is no advantage 
in continuing the grinding^ tintil the coarser fraction is reduced 
to a gram or so — rather the contniry ; and rubbing on until all 
the gold is sent through the sh^e is to be distinctly avoided. The 
student must bear in mind that what he is aiming at is the 
exclusion of all coarse gold from the poi-tion of ore of which he is 
going to take only a fraction. 

The question of the smaller sampling of gold ores has been 
dwelt on at considerable length, as befits its importance, in order 
that the student may be impressed with a sense of its true mean- 
ing. Sampling is not a mystery, nor does the art lie in any 
subtle manner of division. It is, of course, absolutely necessary 
that the stuff to be sampled shall be well mixed, and the fractions 
taken, so that each part of the little heap shall contribute its , 
share to the sample. Moreover, it must be remembered that 
tossing about is a poor sort of mixing, and that everything tend- 
ing to separate the large from the small, the light from the 
heavy, or the soft from the hard (as happens in sifting), must beir 
avoid^ or, if unavoidable, must be remedied by subsequent 
mixing. 

With a well-taken sample, we may rely on a great majority of 
our result^falling within normal limits of error; but nothing 
can belnoro certam than that, in a moderately large experience ^ 
we shall get, now and again, deviations much more oonsiden/^ 
able. These erratic assays can only be met by the method ol { 
working duplicates, which call attention to tho fault by discordant " 
rdsults. B^ch faulty assays should be repeated in duplicate, sq 
that we may rest the decision on three out of four determinatioofi; ^ 

Xbe likelihood of two very faulty assays being concordant ^ 



remote; but with very important work, as in ^‘selling parcels of 
ore, even this risk should be avoided, as concordance in these 
cose? is demanded in th-i reports of two or more assayers. The 
following actual reports on a disputed assay will illustrate 
this: {a) 5 ozs. i dwt.; (h) 5 ozs. 10 dwts. 12 tnains; (c) 5 ozs. 
II dwts.; (d) 5 ozs. ii dwts. 12 grs. The mean result of 
several assays, unless there be some fault in the method, 
will be very fairly exact ; and individual assays, with an uncer- 
tainty of I in 20, may, by repetition, have this reduced to i in 
100 or less. 

Assay Tons, etc. — na\ing decided on taking a larger or 
smaller portion, the exact quantity to be used will be either some 
round number of grams, such as^o or 100, easily calculable into 
percentage ; or it will be that known as the “ Assay Ton ” (see 
page 13) or some simple multiple or fra^'tion 01 it, which is easily 
calculable into ounces. Tlio reports, too, ai'O at least as often 
made as ounces in the short ton ot 2000 lbs., as on the more 
orthodox ton of 2240 lbs. Now the short ton is equal to 29,166.6 
troy ounces ;^arid tljo corresponding “ assay ton ” is got from it 
by replacing ounces by milligrams. The advantage of its use is 
that if one assay ton of ore has been taken, the number of milli- 
grams of gold obtained is also the number of ounces of gold in ft 
ton of the ore, and there is absoluteiy-no calculation. Even if 
half an assjiy ton has been taken the only calculation needed is 
multiplying the milligrams by two. On the other hand with a 
charge of two assay tons rhe milligrams need halving. Where 
weights of this kind (t.e., assay tons) are not at hand they may 
be easily extemporised out of buttons of tin or some suitable 
metal, and it is better to do this than to array out tho grams 
and its fractions at each weighing. The sets of “assay tons,” 
however, are e^ily purchased. As stated on page 13, the assay 
ton for 2240 lbs. is 32.6667 grams ; and for the short ton, 
29.1667 grams. If, however, the round number of grams be used 
and the result brought by calculation to the produce on 100 grams, 
the conversion to ounces to the ton may be quickly effected by 
the help of the table on page 107, 'As this table only deals with 
ibe ton of 2240 lbs., it is supplemented here by a shortened one 
^eahng only with the produce of too grama and stating the result 

cmcea i/roy to the short ton of 2000 Iba, 
t Urtiniation of Small Quantities of Gk>ld. — By the Balame. 
^ -ostimatiDg minute quantities of gold there ore one or two 
l^ts, of importance to an assayer only in this assay, where th^ 
Mi often allow one to avoid the working of inconveniently large 
^haiges. One of these is knovm as “ weighing by the method of 
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TABLE FOR CALCULATING OUNCES TO THE SHORT TON FROM THE 
YIELD OF GOLD FROM TOO (JRAMS OF ORB. 



Ounros to the 
Tun. 

Milligrams. 

Ounces to the 
Ton. 

Milligrams, 

Ounocstoth* 

Ton. 

0 01 

0.003 

0.4 

0.1 17 

7.0 

2.042 

0 02 

0.006 

0.5 

0.145 

8.0 

2.333 

003 . 

0.009 

0.6 

0.175 

9.0 

2.625 

0.04 

0.012 

0.7 

0.204 

10. 0 

2.916 

0.05 

0.014 

0.8 

0.233 

20.0 

5 -S 33 

ooG 

0.017 

0.9 

0.262 

30.0 

8 - 75 ? 

0.07 

0.020 

I.O 

0.292 

40.0 

11.666 

0.08 

0.023 

2.0 

0.583 

50.0 

14-583 

0.09 

0.026 

3.0 • 

o.<S 75 

60.0 

17.500 

o.io ■ 

0.029 

4.0 

1.167 

70.0 

20.416 

0.20 

0.058 

io 

1.458 

80.0 

23*333 

0.30 

0.087 

. d.o 

1.750 

90.0 

26.250 


vibiations,” Suppose a bala^e at rest in perfect equilibrium, 
with the pointer exjictly overtho middle point of th« scale. Let 
the scale be a series of points at equal distances along a horizontal' 
lino ; then, if a small weight be placed on one pan, the pointer- 
will deviate from its vertical position and come to rest opposite 
some definite part of the scale, which will depend upon the 
magnitude of the wcighlK added. The law determining this 
position is a very simple one ; the deviation os measured along 
the points of the scale varies directly e s the weight added. For 
example, with an ordinarily sensitive balance, such as is used for 
general purposes, one milligram will move the pointer along, say, 
three divisions of the scale ; then two milligrams will move it six 
divisions ; half a ipilligram, one and a half divisions ; and so on. 
Of course, with a more sensitive balance the deviations will be 
greater. Now the point at which the needle comes to rest is alsp 
the middle point about which it vibrates when swinging. For 
example, if the needle swings from the third ^o the seventh 
division on the right then [ (7 + 3) -r 2] it will come to rest on the 
^th. In working by this method the following conventions are 
useful : Always place the button to be weight on the left pan 
of the balance, the weights on the right; count the dirisions of . 
the scale from the centre to right and left, marking the former + 
and the loUer - ; thus - 5 is the fifth division to the left. Then 
.the positicill of rest is half the algebraic sum of two reading 
For example, let the readings be 7 to the right and 3 to the 1 ^' 
^hen ( + 7 - 3^4- a -> + a. The mean division is the second diviskm. 




to the right. If the student will place himself in front of a 
balance and repeat the following observations and replace the 
hgutes here given by h*s own, he will have no difficulty in grasping 
the method. First determine the bias of the balance ; supjipse 
the unloaded balance swings +1.25 and - 1 ; the bias tlien is 

2^ — i)* 7*2= + .125 or one-eighth of a division to the right. 
hTow having put on the button to be^ weighed let the readings be 
+ 7.5 and +9.25, and (7.5 + 9.25)-r2== +8.375. Th^*p the effect 
of the button has been, to move the pointer from + .1 25 to + 8.375, 
or 8.25 divisions to tho right; we should, therefore, add the 
weight equivalent of 8.25 divisions to tho w'cights, whatever they 
may be on the right hand pan of the balance ; if tlie divisions 
were to the loft ( - divisions) we should subtract. The value of 
I division is easily determined. Suppose the button in the ex- 
ample were a 1 milligram weight, then we sliould have found 
that I milligrams* 8.25 divisions .*. i division *=.121 milligram. 
This method of working adds very dbnsiderably to the power of a - 
balance in distinguishing small quantities. 

By iU Microscope. — The use of the microscope also is a real 
advant.‘i.ge in estimating tho weights of minute buttons of gold 
where there is no undue risk in sampling, and where an ei ror 
of say I in 20 on the quantity of gold is tolerable. lor ores with 
copper, load, zinc, &o., as well as for tailings rather poor in gold, 
this leaves a wide field of usefulness. The method is described on 
page 440, but the description needs supplementing for those who 
are not accustomed to the use of a microscope. The eye-pieco of 
a microscope (fig. A) unscrews at a, showing a diaphragm 
at h, which will serve as a suppoi*t for an eye-pieco micrometer. 
This last, B, is a swile engraved on glass, and may be putchased 
of any optical instrument maker, though it may be neces^ry to 
send the eye-piece to have it properly fitted. When resting on 
the diaphragm it is in focus for the upper lens, so that on looking 
through tho microscope, the scale is clearly seen in whatever 
position the instniment may be as regards the object being looked 
at. Suppose this to be a small button of gold on a shallow, flat 
watch-glass, on the stage of tho microscope. Bring the button 
under the “ objective ” (Ic., the nose of tho microscope), which 
should be about a quarter of an inch above the watch-glass ; then 
looking through the instrument, raise the tube until the button 
of gold, or at least some dust on the glass, comes into focus. If 
the button is not in the field, rest the thumbs and index fingers, 
both hands, on the edgo of the watch-glass, pressing lightly 
but steadily, and give the glass a slow, short, sweeping motion ; 
the button will perhaps apj^ear as an ill-defined blackness, because 
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not quite in focus. Bring this into the centre of the field. 
Iwise or lower the micrascofje until the button appears with 
Sharp outlines. If the scale does not cover the button, rotate the 
eye-})iece ; this will bring tlu* scale into a new position. Since the 
divisions over the button are less distinct than the others, it is 
best to rend the latter. Thus, in fig. 4416, tlipre arc 36 divisions 
on one side of the button, and 35 on the other, making r Itogether 
71. Ihe whole scale is 80, therefore the diameter of the button 
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IS 9 divisions. The value of each division obviously varies with 
the magnifying power employed. With most microscopes there- is ■ 
a telescopic arrangement whereby the tube may be len^dihened • 
if this-be done and the button again brought in focus, it will be 
seen that, as measured on the scale, the button is much larger - 
than before. It is evident, therefore, the micrometer must-' 
always be used in the same way. The methpd given in the apt 
pendix (page 440), for finding the value of' the scale when ■ 
buttons are to be measured is easy and satisfactory. When tM, 
button of gold is so small tliat there is considerable of Iqjdnr : 
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in transferring to a watch-glass, it may be me^uwd on 
cupel, but for this purpose it must be weU iHuimnated; this is 
bestMone by concentrating 
light on it with a lens, or 
with what comes to the 
same thing, a clean flask, 
filled with water. 

Most assayers, however, 
using a micrometer in this 
way, would like to know its 
absolute value. To do thh, 
a stage micrometer must be 
purchased. This is like an 
ordinary microscope slide 
(fig. 44a, C), and when 
looked at through a micro- 
scope it shows (fig. 44c) 
lines ruled on the glass at 
^distances of tenths and 
hundredths of a millimetre, 
ten of each, so that the full , ^ 

scale is i.i mm. In the case illustrated, 60 divisions of the ^le 
in the eye-pieco are just equal to the i.i ram., therefore i divi- 
Sion equuU .0183 mm, A cube of this diameter would conton 
^ (.0183 X .0183 X ,0183) 

.0000061285 cubic mm. 
The corresponding sphere 
is got by multiplying by 
.5236; this gives .000003209^ 
cb. mm. The weight of 
I cb. mm. of water is i 
milligram ; and, since gold 
is 19.2 times as heavy as 
water (sp. g.«i9.2), the 
contents in cb. mm. must 
be multiplied by 19.2.^ This 
gives .0000616 milligrain 
as the weight of a sphere 
of gold m^uring 1 divi-/ 
sion. 

If every result had to^ 
be calculated in this way> 
the methcd woidd be very 
laboriouB : but, having the figures for the ^ diwion, Aort, 
of the others may be ^culated by multiplying by the cube 
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the corresponding number. Thus, for the third division 
(3X3^3 = 27)» content of the cube (.0000061285x27) is 
.0001655 nim.j the content of the sphere (.000003209x27) 
is .0000866 cb. mm. ; and the corresponding sphere of gold 
(.0000616 X 27) is .00166 milligram. With the help of a table of 
cubes the whole calculation for 25 or 30 divisions may be made in 
half jin hour, and the rasults preserved in the form of a table will 
simplify all future work. 

Assay Operations. — The actual work of the assay resolves 
itself into three operations :~(i) The fusion of the ore and con- 
centration of the “fine metal” (t.0., gold and silver) in a button 
of lead; {2) The cupellation of the lead, whereby a button of fine 
metal is obtained; and {3) the “parting” of the gold which 
separates it from the accompanying silvei*. The following descrip- 
tion takes the order as here given, but the student, in learning 
the method, should first practise cupellation if he has not already 
done so; next ho should 'practise the separation of gold from 
silver, taking known weights of fine gold (p 63), varying from .5 
or .3 gram down to quite njinutn quantities, and not resting 
satisfied until a sensitive balance cfvn barely distinguish between 
the weights of gold taken and found. It may be noted here 
that if he has not a fiatting mill at his disposal, then for large 
buttons it is better to make an alloy with eight or nine parts . 
of silver to one of gold, and attack it with acid without prer 
vious flattening, rather than accept the risk and labour of beating 
out a less easily attacked alloy to the necessary thinness 
with a hammer. It is only aftw a sense of security in gold 
parting has been acquired, that the attack of an ore can be 
profitably accomplished, and even then simple and easy ores 
should be first taken, passing on to others moie difficult, either 
because of a more complex mineral composition or a difficulty in 
sampling. 

Concentration of the fine Metal in Lead. — The best flux 
.for quartz, which makes up the earthy matter of most gold ores, 
is soda, and this is best added as carbonate or bicarbonate. By 
theory,* 50 grams of quartz will require 88.5 grams of the 
carbonate, or 140 ^ams of the bicarbonate, to form sodium 
silicatef^which is a glassy, easily-fusible substance, malting a good 
slag. If the bicarbonate is used, and heat is applied gradui^y, 
Steam and carbonic acid are given off at a ouinparatively low 
temperature, and the carbonate is left ; at a higher temperature 
(about 800^ 0., or a cherry-red heat) the carbonate fuses attack 

• StOj + NajCO, « 00 , + Na,8iO, 

^ SiO, -f- aNaHCO. > 2OO, + Ka,SiO, + H, 0 . 
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ing the quart*, atul giving off more carbonic a/sid; as the heat 
inweases, and the attack on the quartz (rhich of itself is in-/ 
^fusible) becomes coujijlct*;, the whole nuuss settles down to a liquid 
sodium silicate, which is sufficiently fluid to allow the gold and load 
to settle to the bottom. The fluid slag docs t('^ a certain extent 
iissolve some of the crucible, but not seiiously. In a perfect 
working of this experiment, the first evolution of gases (steam 
and carbonic acid) should be gentle, so as to run no Isk of its 
blowing the fine powder out of the crucible; and the heat at 
which the second evolution of carbonic acid is produced should be 
maintained until the reaction is completed, so that there may be 
little or no formation of gas in the fused mass to cause an 
efiervescence which may force sonie of the charge over the edges 
of the crucible. Of course, in practice the ideal fusion is not 
attained, but there is no difficulty in approaching it closely 
enough to prevent the charge at any time rising above the level 
it reached at first in the crucible, and £liis should be accomplished. 
It is usual with quartzose ores to rely mainly on the action of 
carbonate of soda, but not entirely. Litharge is also used; it 
forms, on f usioq with quartz, a silicate of lead, which is a yellow 
glass, easily fusible, and more fluid in the furnace than silicate of 
spda is. By theory, 50 grams of quartz would require 186 grams 

t litharge.* The reaction takes place without evolution of gas, 
d in its working the only point is to so regulate the heat that 
B litharge shall not fuse and drain under , the unattacked 
quartz, leaving it as a pasty mass on the surface. Now, if in 
making up a charge for 50 gnims of ore, we took 100 grams of 
bicarbonate of soda (e(jui valent to about 63 grams of the 
carbonate), this being five-sevenths of 140 grams (which by itself 
would bo sufficient), leaves two-sevenths of the quartz to be fluxed 
by other reagents: two-sevenths of 186 grams (say 52 grams) of 
litharge would serve for this purpose. But if we used 10 grams 
of borax, which has a fluxing action about equal to that of the 
litharge, then 40 grams of the latter, or (making an allowance for 
the quaHz being not quite pure) say 35 grams, will suffice. The 
fluxes, then, for the 50 grams of ore would : bicarbonate of 
lso(ia 100 grams, litharge 35 grams, and borax 10 grama; we 
.could decrease any of these, and proportionately increase either 
pr both of the others, and still rely on getting a fusible slag, 
which is the whole of the function of a flux, considered simply as 
flux. It should be remembered, however, that the slag is a 
|ii-silicate or acid slag, and that its acid char^ter is increased bj 
^increasing the proportion of borax; • 


PbO + SiO, « FbSiO, 
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But in addit^n to tho fluxea there is required about 30 or 
40 grams of lead to collect tho silver and gold. This is best added 
08 litharge (say 40 grams) and flour (4 giiims), or charcoal powder 
(2 grams). See pages 93 and 94. Tho full charge, then, would 
bo: 


Ore .... 




. ^0 ^raraa. 

Bioarboaate of soda , 


• 


. 100 „ 

ytliarge . 


. 


. 75 M 

Borax 


. 


. 10 

Flour 


. 


4 If 


These should be mixed, placed in a suitable crucible (a G Battersea, 
round, will do), and heated, at first at a red heat, but finally much 
hotter, 80 as to get a fluid and*clean slag. When the charge has 
been in tranquil fusion for some little time, take it out and pour 
it into an iron mould. When cold, detach the button of lead. 
Tlie slag should be glassy, till through alike, and easily separable 
from the metal. With ordinaiy ores, this slug may be considered 
as free from gold. In an ea^erimeht in whicli 90 raifligrams of 
gold were added, the full amount was obtained from the lead pro- 
duced by the first fusion. But in certain cases, more especially- 
where large amounts of metallic oxides are present, the slag is 
not so clean, and with these the slag \5h0uld bo powdered, mixed 
with 40 grams of litharge-and 4 of flour, and melted again ; it S 
an advantage to add a small prill of say 2 or 3 milligi’ams of 
silver to the charge, as it insures a visible product in the cupella- 
tion. Indeed, this last precaution is a good one to be taken 
wherever there is reason to expect very small buttons. It has.’ 
the further advantage, that, if the quantity of silver necessary 
for inquartation is known, the right quantity may be added here, 
BO as to save a subsequent operatiop. 

Ores containing Oxides of Iron.— Of the metallic oaddes 
likely to be present in a slag, oxide of iron is the most important, ’! 
Gold is occasionally found in a matrix of this substance, and in; 
fche assay of “ concentrates ” largely made up of pyritw, this oxidfl,' 
will be formed in the preliminary calcination. Now, the lowef- 
oxi(}e of iron (ferrous oxide, FeO) is easy to deal with; fu^ll 
borax will dissolve about its own weight of it, and a silicate of a 
soda (such as makes up the bulk of a slag in a gold astoy) 
take up at least half ns much. But the higher oxide (ferric oidcl^^ 
FCjOj) is more refractory ; even 6 parts of boi*ax yields a 
product, axid slags with any considerate percentage of it 
sajiisfactory, t A student attempting to recover gold from 
hcematiie (^in which tbero was about half an ounce of the 
found in th» ^ nearly a gram of geddj although ia 4N. ;M 
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fusion the slag app**!u:-od perfectly fluid. There is, however, no 
difficulty in getting good slags, even with large qhiintities of iron. 
For example, with 50 gi-jous of fenic oxide, 10 of quartz, 30 of 
borax, 30 of soda,* 50 of litharge^ and 7 of flour, the result was 
quite satisfactory. So, too, was 25 of quartz, 50 of soda, 50 ol 
litharge, and 7 of flour. It is well, however, in such cases to have 
an ample proportion of flux and to aim at a larger button of lead 
than usual by increasing tho proportion of flour or chs-'ceal (see 
also page 91). A charge used on the Kandt for roasted “con- 
centrates ” (which we may roughly speak of as quartz and ferric 
oxide), is one assay ton (about 30 grams) each of ore, soda, and 
borax, and one and a half assjiy ton of litharge and 2 grams of 
charcoal. Whilst, for tho same material, fiom which most of the 
gold has been extriicted by “ chloildising,” 2 5 tons each of ore, 
borax, and soda, 4 of litharge, and 4 grams of charcoal are needed. 
This quantity re(iuires a large crucible (I Battersea, round). In 
this the proportion of silicate of soaa itnd borax counted together 
is to the oxitlo of iron as 4 to i, on the siipjiosition that thn 
. quartz and oxide of iron of the ore are in about equal quantities ; 
but, in the larger charge especially, much oxide of lead would also 
remain as a flux. 

Ores containing Sulphides.^In assaying ores containing a 
large proportion of pyrites or mi^ckel, or both, the best plan is 
to take a portion and calcine so as to convert it into a product of 
the kind just considered. The weighed portion of ore should be 
placed in a clean crucible and be heated to incipient redness ; with 
pyrites the first effect is to drive off about half the sulphur as 
vapour which burns as flame over the ore. At this stage care 
should be taken that there is no great increase of temperature, 
otherwise there may be more or less fusion, which would spoil the 
operation. When the sulphur flame ceases the solid sulphide of 
ii?on burns with visible incandescence and the charge should now 
.be stirred with a flattened iron rod so as to expose fresh portion^ 
to the air. The top of the furnace must be open, so that air may 
[^ave free access to tho crucible. When stirring is no longer 
^followed by visible buming the heat may be raised to full redness. 

crucible is then lifte#out (the stirrer still resting in it) and 
^if the charge gives off no odour of burning sulphur it is shaken 

into an iron mortar and mixed with the fluxes, taking care to 
|w}ean the stirrer in the mixture. The charge is then replaced in 
p|h$ crucible in which tho roasting was done and fused in the 
!i;;|brnao6. ' The resulting button of lead is cupelled for fine metal, 
rich in sulphides requiring this treatment e»e frequently 

Here and elBewhere in this article when a flax is spoken of as soda 
f|we^bfiQarbonat6 is meant. 
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“concentrates.** For their assay take i assay ton (30 grains)^ 
calcine and mif with an equal weight of soda and of borax 
^ (30 grams each), and half as much again of litharge (1.5 tons 
or 45 grams), and with 2 gmms of charcoal or 5 grams of 
flour. 

Where the sulphides are present in smaller proportion (10 per 
cent, or Jess), they may be taken as serving the purpose of flour 
or chai'coal (see page (>5) ; the sulphur and iron are oxidised at the 
expense of the litWige witli a consequent separation of lead as 
metal. ■ If the proportion of sulphides is not sufficient to give a 
large enough .button of lead, some charcoal or flour should be 
added. On the other hand, if they are in small excess and give a 
button of lead somewhat sulphury, i.e., hard and ])nttl0, it may 
be remedied by the judi(;ious addriion of nitre ; this last reagent, 
however, should not be used in large quantity. A plan much 
used to prevent sulphury buttons is to insert an iron rod or a 
nail in the charge in thV crucible ; the iion takes the sulphur 
forming sulphide of iron which in moderiite quantity does not 
form a separate layer of ms^te but dissolves in the slag. A slag 
formed of 50 grama of quartz, 100 soda, and some borax, may take 
up in this way some 10 or 12 grams of sulphido of iron! If, 
however, an ore gives a layer of matte or speise, it is best to 
repeat the assay by the motholftf calcining before fusion. 

Cyanide Charges j etc. — In assaying the “tailings** which 
are to be treated in a cyaniding plant the following charge is 
used: 

Tailings . 3 assay tons or 100 grams. 

Litharge .4.5 „ 130 „ 

Soda . 4.5 „ 150 „ 

Borax . .75 „ 25 „ 

The snnd is assayed without any further crushing and the assay is 
made in duplicate. 

The residues after treatment with cyanide, differing from the 
tailings merely in being poorer in gold because of the extraction 
by the solution of cyanide, are run down with the same fluxes in 
the same relative proportions. But foif? charges of 2.5 assay tons 
(say *7 5 grams) are worked, and two of the resulting buttons are 
Bcoritied together and then cupelled, etc., so as to give' duplicate 
assays on cWges of 5 assay tons. This is one of the cases in 
which it is desirable to add a small poi'tion of silver before 
cupelling. .• 

In assaying the “cyanide liquors ** for gold, 2 assay tons of 
liquor are measured out (58.3 c.c. for the ’ton of 2000 lbs., 65.3> 
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for the other) and are evaporated to dryness jui a lead dish 
weighing about 35 grams. Such a dish is easily .<ixtemporised out 
of a pfece of lead foil, if the ordinary vessel is not at hand ; but 
care must be taken that the lead is free from gold, "^he dish with 
the dried residue is then scorified and the resulting ' itton of lead 

is cupnlied. , j 1 

In some cases the fusion of the ore may be replaced by a 

treatment with solution of cyanide of potas- 
sium and' the gold recovered from the solu- 
tion in the way just described. For this 
purpose the ore should be In not too fine 
powder, otherwise there will be great diffi- 
culty in filtering ; a sand which will pass a 
30 sieve and having no large pTOpfortion of 
very fine stuff will do. Not less than 200 
grams should be taken ; and as an extrac- 
tion appjiiatus a bell jar capable of holding 
half as much again may be used. Such a 
jar may bo extemporised by cutting off the 
bottom of a lK)ttle by leading a craek around 
it with a red hot poker; or a lamp chimney 
’ will serve the purpose. The smaller mouth 
of the jar is closed by a perforated cork pro- 
vided with a clipped tube after the manner 
of a burette (see fig. 44^^). In the jar, just 
over the cork, put a plug of loose asbestos 
or glass wool, or a piece of sponge to act as a filter ; a layer of 
broken ghiss, coarse at the bottom and fino at the top, will serve 
the same purpose. On this, place the charge of ore to be 
extracted. Prepare a solution of cyanide of potassium in 
water, with 5 or 10 grams of the salt to the litre. It may 
be that the whole point of the assay depends on the solution 
being of a definite strength; as, for example, where the 
relative efficiency of solutions of Afferent strengths is 
determined, when it will be best to estimate the iq[uantity of 
(wanide of potassium in the dilute solution by the method given 
at the end of this article (page 160). Pour the cyanide solution on 
to the ore, letting the first portions to come through run into the 
beaker, but as soon as the pre is thoroughly wetted close the clip 
and allow to stand for several houis. Then, opening the clip, run 
through more cyanide solution and then water, so as to wash the 
gold-carrying liquor thoroughly into the beaker. It is no 
if the liquor is a little bit turbid; transfer it |p a lead diali^ 
evaporate, scorify, and cupel in the usual fashion. 
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The assay of gold-zinc slimes, which is the precipitate formed 
by zinc acting ob cyanide solutions of gold, may be made by 
wrapping 2 or 3 grams in 40 grams of sheet lead and scorifying, 
cupelling, <fec. The amount of impurity in the stuff varies greatly ; 
it is usually calcined and mixed thoroughly with soda 40 per cent., 
borax 30 per cent, and sand 10 per cent., and melted in graphite 
pots. The buttons of bullion obtained are afterwai'ds remelted 
witli borax and run into bars,'the fineness of, which varies from 
600 to 830 thousandths. The bars are sampled by chipping off 
diagonally opposite corners : or better, by drilling, the drillings' 
being freed from pieces of steel with the help of a magnet. 

Cupellation.*— The cupel lation of lead for gold diflers very little 
from that of lead carrying silver. When the gold is accompanied 
by a larger proportion of silvei*, and both have to bo determined, 
the cupellation must be conducted exactly as in a silver assay, the > 
usual precautions being taken to moderate the temperature so as 
to lessen the cupellation loifeund to promote a slow and undisturbed 
solidification in order to avoid spirting. If, however, the gold 
predominates the finish shoubj^be ofi:ected at a liigher heat, as the 
melting-point of gold is ico” higher than that of silvt^r. The bad 
effect of a higher temperature in increasing the cupellation loss 
need hardly be considered in the case of such small buttons of gold 
as are obtained in assaying gold ores, as any loss there may be is 
hardly appreciable by the balance. With larger quantities of gold, 
however (as in assaying gold bullion), this loss becomes important ; 
and it is therefore necessary to very carefully regulate the tem- 
perature of the muffle so as to minimise the loss. 

The cupels are made of well-burnt bone-ash, of the fineness of 
coarse wheat flour, moistened with one-twelfth its weiglit of water 
and compressed into shape in suitable moulds. The moulds sold, 
for this purpose are often of unsuitable shape. Since lead has a 
specific gravity of over 11, a cup to hold from 15 to 25 ^rams of 
molten lead need not have a capacity of more than about 2 c.o. 
A hollow about i inch across and J inch deep is sufficient ; and 
the body of the cupel to absorb this 'weight of lead should its^ 
weigh from 20 to 25 grams. The button of lead in a gold assay 
may be twice as heavy as this. For these larger buttons a h(^lluw 

indh across and inch deep will be sufficient. If the^ larger,- 
cupels ai-e not at hand the larger buttons will have to be reduced,-^ 
.in size by a scorification before cupelling. In some cases this prC- 
Jiminary scorification is advantageous or even necessary : this mayV 
be because the lead is hard and impure, or'it may be that a ve]^ ; 
small button oj gold is expected. In the latter case it is best ^^ ij 

* Bee the description of the process commencing on p. oB and 
fxpijmatory rAnarks onp. fia 
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. scorify the lead down to something less than i gram, and to per- 
form the cupellation on a specially prepared small fine cupel. 
These %mall cupels are h^st made by grinding the unsaturated 
portion of a used cupel to a fine powder, and compressing the diy 
powder into a small Berlin crucible or scorifier ; t l.»e face should 
be made quite smooth by pressure from a pestle, .'n such cujiels 
a small speck of gold (less than .01 milligram) will be left in a 
good shape and easily visible ; but the cupel must be withdrawn 
from the muffle as soon as the cupellation is finished to make sure 
of always getting the button in good condition. In phmes, such 
as Mints, where large numbers of bullion assays are regularly 
made a special form of cupel is used so that not less than six dozen 
assays may all be cupelled at the same time m a muffle of ordinaiy 
size. These cupels are square blobks, a little less than 2 inches 
across, and a little more than three quarters of an inch deep. Each 
block carries four hollows of about .7 inch across and .3 inch deep. 
A muffle, on a floor space of 6 inches b) 12, would take 3 of these 
blocks abreast and 6 deep, and thus provide the means for 72 
assays.* 

* ■ Cupels made with wet bone-ash should be slowly dried ; and if 
in the muffle they can be slowly brought to an orange-red heat it 
is all the better. Under no circumstances must the lead be placed 
on the cupel before the latter has been so thoroughly heated that 
it can no longer give off steam or gjis of any kind. For this gas 
bubbling through the molten metal spatters it, thus spoiling one , 
assay and throw^ing doubt on all the rest. Again, the risk of 
freezing at the. start is much greater with a cupel which has not 
^ been properly heated. 

The b^t plan is to do all the cupellations in batches. After 
the muffle has cooled down for the withdrawal of the last batch, 
and the old cupels have been taken out, the new cupels for the 
/next batch should bo put in their place. The furnace should then 
be stoked and made ready for the next cupellations; by the time 
'the furnace is ready the cupels will be ready also. There should 
! hie no unnecessary handling of the cupels once they have been 
iTlaced in the muffle. ' 

I l^e cupellation temperature for gold is an orange-red heat 
|or perhaps a little hotter. Beginners, who are apt to overheat 
fthw furnace, should avoid a heat which can properly be called 
pr^w. Dr. T. K. Reset has determined the temperature of a 
Ruffle during the cupelktion of gold-silver alloys at the Royal 
^i&t. In one muffle the temperature ranged from 1065° to 

' • Percy, MetaUurgy of Silver and Gold, p. 258. ^ ~ 

^ Limits of Aconracy attained ia Gold-bnUioo Assay.** Trans Chen. 
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109s® 0.; the lower temperature waa of course in the front o^ ' 
the muffle. In another it ranged from 1022° to 1062®, and her« 
the muffle appeared to the eye “ decidedly cooler than usual.” 
The alloy left after cupelling waa made up of i part of gold to 
2J parts of silver, and was fused at 952® ; hence the usual tem- 
perature of cupellation was, say, 120® or 130® above the melting- 
point of the residual metal. To obtain some real knowledge as to 
the meaning of these {igures, the student should prepare ppinted 
pieces of the following metals : silver, which melts at 945® ; gold, 
which melts at 1035° ; and an alloy* half silver, half gold, which* 
melts at 990®. These should be placed on clean cupels in a muffle 
almost entirely closed; the temperature should be very slowly 
raised, and the appearance of the muffle when each metal begins 
to melt should be carefully noted. The cupelling tempei-ature in 
Dr. Rose’s experiment was as much above the melting-point of 
gold as this is above that of the silver-gold alloy. The finish ofi . 
tfie cnpdlation of gold or ^Id-silver alloys is practically the same 
as with pure silver ; there is the same thinning out of the litharge 
into a luminous him which b^omes iridescent before the brighten- 
ing. Buc the danger of spirting decreases as the proportign of 
gold becomes greater, and disappears when the gold is much over 
30 per cent. Nevertheless it is well to let such buttons become 
solid undisturbed and protected from draughts in the body of the 
muffle. This means closing the muffle and allowing the furnace 
to cool down somewhat before withdrawing the cupels. Buttons 
solidified in this way are more malleable than when they are 
withdrawn promptly on the finish of the cupellation.* This is 
important with large buttons, as in a bullion tissay. On the other 
hand, very small buttons, especially such as have to be measured 
rather than weighed, should be withdrawn as soon as the luminous 
film has disappeared. For when this is done the button can be 
loosened from the cupel by merely touching it with the point of a 
pin, and is then safely and e ily tran^errod to a watch glass by, 
touching it with the head of pin which has been moistened. It 
adheres to this, and if the pin is not too wet comes off at once oh 
touching the glass, or in any case will do so on gentle warming. 

Molten gold, with little or no silver, has a peculiar colour winch 
is esiSy to recognise ; it is more globular than a button of silvec 
of the same size would be, and it shows les,«i adhesion to the 
cupel. Just after becoming solid it glows beautifully, and this in 
so marked that it is a valuable help in finding the position of a 
'button when it is more than ordinary niiiiute. 

If the buij^n left from cupellation is yellow it is at least healf - 
mid, and a rough guess as to the proportion of golii taay be mad e 
!to yellowilesB ; the rest of the metal is gen^ifiidly'^Yer. The ; 



prince of plitin. m or one of the platinum ^oup of metals 
makes the surface of the button dull and cryst^illine. The native 
alloji of osmium and iridium does not alloy with gold, however, 
but falls to the bottom < f the molten metal. It shows itself i.> the 
subsequent parting as a black spot or streak on the under surface. 

The buttons are removed from the cupel with a pair of pliers 
and then brushed to remove adherent litharge and bone-ash. 
Some assaycrs advise cleaning by dipping in warm dilute hydro- 
chloric acad followed by washing in water and drying, '‘'lie button 
is next weighed. When the quantity of silver obtained is not 
required to be known the weii^hing may sometimes be omitted. 
The next opciiii ion in either case is parting either with or without 
a previous inquartation. 

■ The loss of gold in mpeUation if by no means always inconsider- 
able. In three cupollations of i gram of gold with 20 grams of 
lead made purposely at a very high temperature the cupel ab- 
sorbed 6.04, 6.20, and 6.45 milligrams of gold. Hence at a high 
temperature there may aosily be a loss of more than half a per 
cent, of the gold. In ten cupellations with the same quantities 
of gold and lead, but at au ordinary temperature, the gold re- 
covered from the, cupels varied from 1.37 to 1.92 milligrams, and 
gave an average of T.59 milligrams. In round numbers the 
cupellation loss of pure gold is .15 per cent. 

But if the gold be alloyed with siher the loss is diminished, as 
is shown by the following experiments. Gold, .3 gram, was 
cupelled with 10 grams of lead and varying amounts of silver, 
and the cupels were assayed for gold with the following results : 

Silver in the alloy ... .3 gram .6 gram .9 gram 

Gold in the cupel ... .47 milligram .32 milligram .17 milligram 

These, calculated on the .3 gram of gold, give the loss as .157, 
,107 and .057 per cent, respectively. The effect of copper, on the 
other hand, is to increase the cupellation loss, which, silver being 
absent, may from this cause rise to .3 per cent., even when the 
temperature is not excessive. , 

In the ordinary assay of gold-copper alloys a constant weight 
of, the alloy is always taken ; hence as the weight of copper in a 
cupel charge increases, the weight of gold decreases. The silver, , 
on the other hand, is always very nearly two and a half times as 
much as the gold, whatever its quantity may be. But the cupel- 
lation loss is smaller with less gold and greater with more copper, 
and it so happens in these assays that these two opposites nearly 
neutralise one another. Mr. W. F. Lowe* found the gold re- 

* ^ Assaying and Hall-marking at the Chester Assay OJBce.*’ W. 
lx>we. i/burn. Chem. Industry^ Sept. 1889. 
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coverable from the cupels on which 20 grains of gold bullion had . 
been treated varied only between ,014 and .015 grain (i,e. from 
.07 to .075 per cent, of the bullion treated), although the qujUity 
of the bullion vaiied from 9 to 22 carat.* But in the poorest 
bullion there was only 7.5 grains of pure gold, while in the richest 
there were 18.3 grains; yet each lost on the cupel the same 
weight of gold, viz., .014 grain. When reckoned in percentages 
of the actual gold present the losses are .187 per <»nt. ^d .076 
per cent, ivispectively. The heavier percentage loss is mainly due 
to the increased quantity of copper. 

As with silver so with gold the predominant cause of the 
cupellation loss is the solution of the metal in the molten litharge 
which passes into the cupel. Three lots of i gram of gold cupelled 
each with 20 grams of lead pepeatedly, so ae to make 13 
cupellations in all, lost in actual weight 35.72 milligrams. The 
gold recovered from the cupels amounted altogether to 34.56 
milligrams. This shows thfi^t, compand with the absorption by 
the cupel, the other causes of loss are inconsiderable. 

The loss of gold by votatUi^ion is, however, a real one. The 
dust from the flues of assay furnaces has been tested on several 
occasions and found to contain gold, though in small quantity.* 
Thus Mr. Lowe found .073 per cent, of silver and .00033^^ 
cent, of gold in such a material. The lead volatilised from a 
bullion assay would need to be ten times as rich as this to 
for a loss of gold equal to the hundredth part of a mfllig^m. 
Dr. Rose, in the paper already quoted, believes that on a .5 grani 
charge of standard bullion the loss from volatilisatidfe is not less 
than .025 nor more than .05 milligram of gold. 

By way of conclusion it may bo said that the cupellation loss of 
gold is about .07 per cent., and that it is largely met or even over 
corrected by a compensating error due to silver retained in the 
gold after parting. 

Inquartation.— The method of seirturati^ the gold from the 
silver in gold-silver alloys by boiling with nitric acid does not act 
' equally well in all cases. An alloy half silver half gold, rolled to ’ 
thin sheet and boiled for half an hour, with nitric acid, may still 
‘ retain more than two-thirds of its silver. An alloy of i part g(^d r 
and lifj parts of silver gives up practically the whole of its, silver : 
under similar treatment. The gold is left in a coherent, though;^:^^ 
"easily broken, sheet retaining the shape of the original alloy. T1«MJ 
gold thus left is quite spongy and j^rous, so that the acid 
*^netrate into its innermost portions. P>ft if the silver is M 

♦ Fine or purte gold is 24 carat Nine carat gold . therefore contains:^ 
; parts of gold in 24^f the aUoy ; eighteen carat gold oontains 18 
gol^in -24; a^i| 



large excess in tbe *lloy, the removal of the silver is less complete, 
suid the residual j^ dd, instead of holding together in a form easy 
to manipulate, falls to a powder which re inires care and time in 
its treatment. The olt'.jr assayers, therefore, added silver to their 
gold in such proportion that the alloy for parting should be one 
quarter gold to three quarters silver. This opoi ation they called 
inquaHation. 

The modern practice is to aim at getting an alloy with 2\ parts 
of silver and i part of gold. In gold bullion assays Shis propor- 
tion should he obtained with fair exactness. And in the parting 
of such gold buttons as are ohtriined in assaying ores it is well to 
aim at this proportion, though absolute precision is not a matter 
of importance. 

If the button left on cupelling the lead from an assay of an ore 
appeal’s white, it is best to assume that it already contains at least 
a sulTjciency of silver, in the absence of any knowledge to the 
contrary. This will be true in almost all cases. But if, on part- 
ing, it does not lose at least two-thirds of its weight, this indicates 
that the assumption was not justified ; and also what quantity of 
silver must be added to the button before again attempting to 
part. Generally the fault will be in the other direction; the 
silver will be in excess and the gold will break up and demand 
very careful treatment. 

If, however, such a button is yellow, then, from its weight and 
depth of colour, a rough estimate can be made of how much gold 
is contained in it. Silver must be added to make the total weight 
3j times as much as that of the gold supposed to be present. 
Thus, if the button weighs lo milligrams and is supposed to 
contain 8 milligrams of gold, then 8 multiplied by 3^ is 28 ; the 
button must, in such case, be made up to 28 milligrams by 
adding 18 milligrams of silver. In judging of the quality of the 
gold button, no ordinary error will very seriously affect the result. 
If, in the example just given, the quantity of gold present was 
really 7 or even 9 milligrams of gold, the resulting alloy would 
still have been suitable- for such partings. In fact, in routine 
assays, where the quantity as well as the quality of the gold is 
known within fair limits, it is often the custom to add the silver 
for inquartation to the lead during the first cupellation. 

But in the assay of rich gold alloys such approximate work will 
not do. If the composition is not already known with a fail 
degree of accuracy frdimmatey assays must be made. Weigh 
up two lots of 100 milligrams of the alloy and wrap each in 
3 grams of lead. To one add 300 milligrams of«silver. Cupel 
j^hth. The button containing the added silver must be fiattened 
fad boiled with 15 c.c. of nitric acid; and the resulting gold 
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must be washed, dried, ignited and weighed. This, in milligrams, 
gives directly the porceiituge of gold. The weight of the otlier 
button gives the percentage of gold anci silver ; the difference 
between the two gives the percentage of silver. The rest will, 
perhaps, be copper. 

The laompositiou of the alloy being known, or having ton 
determined as just described, the calculatiott of how much silver 
must bo a<lded is fairly simple. The following is an example. 
Suppose th6 bullion contains 92 per cent, of gold, i per cent, of 
silver and 7 per cent, of copper, and that .5 gram of it is to be 
tak-eii for an assay. The .5 gram, then, will contain 

Gold 460 gram 

Silver 00.5 „ 

Copper . .• • .035 (, 

But the total silver required is .46 gram x 2,5. This equals 
1.15. Allowing for the .005 .gram of silver already }»rescnt, 1.145 
gram of silver must be addeil. 

The silver is incorporated w^ the gold, and at the same time 
the copi)er is eliminated, by^u]>olling with sheet lead. How 
much sheet lead must be used will depend partly on how much 
bullion is taken, partly on how much copper it contains. Four 
grams of lead will do fbr a .5 gram charge ; and for a .3 gram 
charge, 3 grams may he used. But with 20 per cent, of copper 
these amounts should be doubled ; witli 40 per cent, of copper they 
should be trebled ; and with over 60 per cent, of copper four 
times as much lead ^llOuld he used, small buttons of gold 
as little lead as may be relied ou to start cupelling may be taken; 
the lead may conveniently be in the form of little cups made by 
folding lead foil on a piece of glass rod. With a Jai'ge number of 
bullion assays systematically worked and checked a simple plan 
would be to always use the quantity of lead required by the alloy 
containing most copper which turns up for assay. This weight, 
cut out of lead foil, would be kept in stock folded into little bags 
ready to receive the bullion and silver. 

The silver used for inquartatioii must, of course, be free from 
gold and is best prepared by the assayer who is to use it (see* 
' p. 66y It should not be in long strips or angular pieces liltely to 
perforate the lead in whii li it is folded. When wrapped in the 
lead it should be in the middle and should umke as compact a 
^parcel as possible. 

• Each little parcel, as completed, sliould be placed on a tray in 
its properly i^umbered compartment. Its position hero should 
correspond to Ikat it will occupy in the muffle and eventually in 
thc^ cupel traj The cupollation must be made with all tha 
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*«quisite precautions. A good smooth malleable button is needed 
for the next operation, which is known ns flatting. 

Flatting.— Small buttons, such as aru got in assaying most 
gold ores, are placed on a polished steel anvil and flattened by 
one or two blows with a hammer. The flattoTied discs are heated 
io dull redness on a clean cupel and are tin ' eady for pai’ting. 
Somewhat larger buttons may be similarly irented, but tliey 
should be annealed (i.€. heated to redness and allowed to cool) 
during the flattening. The silver-gold alloy Ic.fi from the 
cupollation is soft and bends like lead ; but after hammering or 
rolling it becomes harder, geth a spring in it like a piece of main- 
spring and cracks or splits somewhat easily. There should be no 
cracks or stripping or even roughness on the flattened metal, since 
such defects may cause the loss of small particles either during 
the flattening or in the subsequent treatment with acid. The 
softness of the metal is restored by heating. In bullion assays 
the flatting of the bultons requi’ies care and practice for its 
skilful working. The strips of alloy for parting should be of 
uniform thickness and condition so that the action of the acid 
shall be equal in all cases. Tho button is taken from the cupel, 
cleaned and placed on the anvil : it is then struck a heavy blow 
which widens it to about J inch in diameter; this blow is 
followed by two others, one a little in front, the other behind » 
which lengthen the disc and give a very blunt roof-like slope to 
its upper face. It should then be annealed. This may be done 
by putting it in a just red-hot scorifier heated in a muflfle ; it 
very soon attains the right heat and 
may then be transferred to a cold 
scorifier ; the hot scorifier should be 
put back into the muffle. The 
softened disc is then taken to the 
rolls (Fig. 45). The rolls are 
loosened until the disc can be 
pressed between them. Looking 
through the interval between them 
the rolls should appear exactly 
parallel; if they are not, one ad- 
justing screw should be loosened 
and the other tightened until paral- Fio, 45. 

lelism is obtained. The rolls are 

now turned and the disc should be drawn through without 
any great effort. Beginners are apt to err by trying to do too 
much with one turn of the handle. It is easy stop whilst the 
rolls are only just gripping the metal nnd then to bring the dise 
back by reversing the action. If the disc was origi^ly* level 
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and the rolls are parallel, the metal will appear as a strip which 
has been merely lengthened. If the rolls are tighter on one side ’ 
the strip will be bowed ; the tighter side Will correspond with^the 
outer curve of the crescent. A mistake of this kind may be 
amended by passing the strip thi-ough the rolls the other way, so 
as to reverse the in-egularity and so straighten the strip. The 
ecrewon the looser side should then be tightened until pai'allelism 
is obtained; after which more care should be taken to tighten 
the two screws equally. The rolling should be stopped when the 
strip is 3 or 4 inches long and of the thickness of an ordinary 
visiting card. The strip shouki be annealed during the rolling 
and again at tlie finish. 

Parting.— The thin sheet of metal is dropped into hot dilute 
nitric acid and boiled for five or sjx minutes after the brisk action 
of the acid on the metal has ceased. At this stage nearly all the 
•silver has gone into solution as nitrate of silver and the acid is 
charged with this salt. This .acid is poured off and the residual 
metal is again boiled for from 20 to 30 minutes with a second 
lot of stronger acid. This lea^s the gold almost pure, though it 
may still retain from .05 to .T per cent, of silver. Treatment ‘ 
with the fii'st acid only would probably leave three or four tinies 
as much. 

The nitric acid used should he free from hydrochloric, sulphuric, 
iodic and telluric acids. In testing it. for the first of these add 
nitrate of ^ silver and dilute with distilled water ; there should be > 
no turbidity. In testing for the others evaporate three lots in 
dishes over a water-bath. Test one for sulphates by adding 
.water and barium chloride. Test another for iodates by taking 
ffp with a little water, adding a few drops of starch paste and 
then dilute sulphurous acid solution a little at a time; there 
should be no blue colour.' Test the third for tellurium by 
heating with i c.c. of strong sulphuric acid until dense fumes 
come off; allow to cool considerably; a piece of tin foil added to 
the warm acid develops a fine purple colour if only a trace of 
tellurium is present. 

The presence of lower oxides of nitrogen, which impart a brown 
colour to the acid, is objectionable; they, however, are removed 
by boiling the diluted acid before using it for parting. It is 
usual to keep a stock of the acid suitably diluted to the two 
strengths ^uired for the parting. These aic known as the 
>parting acids. The first parting add is the weaker and is used . 
in, the first attack on the metal. The speisfic gravity generally 
recommended for it is about 1,2. It may bo prepared either 
.'diluting the strong add with about its own volume of distilled watoK' 
nr by snitablx diluting the second parting add which has b^" 
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already used in an assay; the small proportion of silver this con- 
tains is not haimtiil for this purpose. The secmd parting amd has 
a spdbific gravity of about 1.3, and may be made by diluting the 
Itrong acid with half its volume of distilled water. 

Parting in Flasks are most convenient for the larger 

partings, as in bullion assays; and should always be used for this 
purpose unless some of the special parting apparatus, like that 
used in Mints, is available. Many assayers use 
flasks, though of a smaller size, for the ordinary 
partings in assaying gold ores. The flasks are 
hither bulbs with long necks (I'ig. 46) which ought 
to be heated on rose burners of special construction ; 
or they are small flat-bottomed conical flasks which 
may be conveniently heated on a«hot-plate and are, 
in this I’espect, much easier to deal with in general 
work. The following instructions apply to the 
parting of an alloy containing 8 few decigrams of 
gold together with the proper proportion of silver. 

The strip from the rolls, after being softened by 
annealing, is folded on itself on a glass rod into a 
roll or comet. It should be so plastic that it will 
retain the shape tlius given it and not spring open on Fig. ^ 
removing the pressure of the fingers. About 50 c.c, ^ 
of the first parting acid are placed in a 6-ounce conical flask and 
heated to boiling ; the flask is then withdrawn, and tilted a little 
to one side, whilst the comet is cautiously dropped into it ; there' 
will be a sudden issue of hot vapours and a prompt withdrawal of 
the hand is advisable. The flask is replaced on the hot plate and 
the acid is kept boiling for 10 or 15 minutes. The flask is then 
withdrawn and the acid diluted with about an equal volume of 
distilled water. If the flask has a thick glass band around its 
heck, a little way down,* care must be taken to use hot water, 
for any sudden chill will certainly crack the flask where it is thus 
thickened. The liquor is carefully decanted into a dean beaker 
and is then thrown into a jar marked “waste silver.” About 
. 40 c.c. of the second parting add, heated to boiling, is then poured 
ijito the flask, which is then replaced on the hot pl^te. The 
boiling is continued for 15 or :!o minutes or even longer. At this 
stage bumping has to be specially guarded against ; after a little 
experience it is easy to see when this is imminent and the flask 
diiould be withdrawn to a cooler part of the plate ; it is better to 
^long the heating at a temperature below boiling than to run 
the risk of disaster. Some of the older writer|^ however, are 

• The mouth of the flask most not have a rim around 
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rather infiifltent on vigorous boiKng with large bubbles. The 
addition of a small ball of welbbumt clay of about the size of a 
pea has been recommended, as it lessens the tendency to irregular 
and dangerous boiling. At the end of the treatment with the 
second acid the llask is withdrawn from the plate and the acid is 
diluted with an equal volume of distilled water. The liquor is 
carefully decanted into a beaker, and then poured into a jar or 
Winchester' marked “ acid waste ” ; it serves for making the first 
parting a«id. The flask is then washed twice with hot distilled 
water; the washings must be carefully decanted from tho gold. 
The flask is then tilled with water. A parting cup (size B) is 
then placed over its mouth, like a thimble on tho tip of a finger. 
This cup is of unglazed porous oai-thenware of such texture that 
it absorbs the last few drops of water left on drying ; and with a 
surface to which the gold does not adhere even on ignition. The 
gold should fall out cleanly and completely on merely inverting 
the cup over the pan of the balance. The flask and cup are then 
inverted so that the flask stands mouth down in the cup ; a little 
of the water fi*om tho flask flgf^s into the cup, but only a little. 
The gold falls steadily through the water into the cup. When 
time has been allowed for oven the finest of the gold to have 
settled into the cup, the flask is romoved. This is easiest done 
. under water. The cup, with tho flask still resting in it, is dipped 
under water in a basin ; as soon as the neck of the flask is 
immersed the crucible can safely be drawn away from under it 
and then lifted out of the water. The flask should not be taken 
away first, for the rush of water from it may easily sweep the 
gold out of the cup. The water in the cup is then drained off 
and the cup is dried at not too high a temperature ; for if the 
last drop or two of water should boil there is danger of spattering 
the gold out of the crucible. When it is dry, the cup is heated 
on a pipe-clay triangle over a Bunsen burner, or on a slab of 
asbestos in a mujfllo, to a dull-red heat. Tliis brings the gold to 
“colour”; that is, the loose tender dark coloured gold becomes 
briglit yellow and coherent ; and is in a state fit to transferred 
to the balance and weighed. All unnecessary transferences 
must be avoided. As soon as the cup is cool it may be inverted 
over the pan of the balance, when the gold will fall out cleanly or, 
at the worst, a gentle tap with the finger will be suflicient to' 
detach it. 

Pwrting in test-tuhesy or in the smaller conical flasks, is used in 
the assay of gold ores of ordinary richness.- The work is exactly 
like that just ^escribed in all its main features. Generally speak* 
ing much less acid will be used; for example, in test-tubes aud 
for small batton% 3 or 4 c.c of each acid is quite enough. 
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the action need not be so prolonged; lo or 15 minutes in each 
acid is suflSiaent. So, too, the heating may bo less , it is very 
convenient to support the test-tubes in a *vater-bath, or merely 
to rest them in a beaker of boiling water ; and there is no serious 
objection to doing this. A smaller parting cup should bo used ; 
the A size is suitable. The button, on the othet hand, should be 
beaten thinner than is needed for the larger partings. If thv 
silver should be in excess and the gold becomes mujh broken up 
ample time should be given for subsidence from the toSt-tube 01 
flask into th^parting cup. 

Parting in glazed crucibles or dishes . — This method of working 
has the advantage that there is no transference of the gold until it 
is placed on the pan of the balance. On the other hand, in the 
boiling more care is required in adjusting-bhe temperature. The 
following instructions apply to the tiuatm'3nt of veiy small 
buttons, to which the method is more particularly applicable ; 
but very little modification is needed for the treatment of larger 
buttons. The smallest sized Berlin crucibles answer admirably. 
They should be cleaned by treatment with hot and strong sul- 
phuric acid, followed by washing in distilled water ; the comfort and 
ease of working mainly depends on the thoroughness of thiscloaning. 
^The crucible, one-third full with the first parting acid, is heated 
on the hot plate until the acid is almost boiling. The flattened 
and annealed button is dropped into it and the heating continued 
with, at most, gentle boiling for a few minutes. The crucible is 
then filled with distilled water, which cools it enough for easy 
handling ; and when the gold has settled the liquor is poured oil 
along a glass rod into a clean beaker. Any greasiness of the 
'crucible makes itself felt hero and is very objectionable. The 
crucible is then one-third filled with the second porting acid and 
the heating resumed, care being taken not to raise the tempera- 
ture too high ; this should be continued much longer than before, 
say for five or ten minutes or even longer according to the size 
of the button. Distilled water is again added and, when it is 
drained oiT, the washing with distilled water is twice repeated. 
It will not bo possible to drain off the last drop of water ; but if 
the gold is coherent, the crucible can be so inclined that this drop 
drains away from the gold, in, which case the drying can be done 
rapidly; the boiling of the water will do no harm. But when 
the gold is much broken up, it will collect in the middle of this 
drop and the drying must be done gently ; best by putting the 
, crucible in a warm place. When dry, the crucible is heated till 
the gold changes colour, but the heat must be l^pt well bebw 
redness. When cold, the gold is transferred directly to the pan 
fif the balanoa With minute specks of gold which will require 



154 


TBXT-BOOK OF ASSAYlKa" 


measuring, it is best to put a small piece of lead foil (say .i gram) 
in the crucible over the gold, and then heat the crucible to above 
redness over a blowpipe. Whilst the lead is oxidising it is easily 
swept round in a hat h of molten litharge by merely tilting the 
cruciblp. In this way any separated specks of gold can be taken 
up with certainty. When the worker is satisfied that the lead 
has had ample opportunity for taking up the gold, the lead must 
be kept in one place and the heat slowly lowered. By this means 
the buttoh becomes supported in comparatively pure litharge and 
when solid can be picked out quite easily with a pair of pliers and 
in a very clean condition. The lead button is then cupelled on a 
very fine cupel, as already described. The method of working last 
dcscril)od destroys the crucible. If the gold is not quite so small 
this may be avoided. A sma^l piece of lead foU should be 
hammered out until it is perfectly flexible. It is then shaped 
into a tray and the gold is transferred to it. The lead is then 
folded over, with the help'of two pins ; and cupelled. 

if the crucible shows a black stain on heating it is because 
some silver remains thi'Ough.Md washing, It shows poor work 
and the astay should be repeated. 

The silver retained in the gold after parting is, in bullion assays, 
an important matter ; it is roughly equal to the loss of gold due 
tp absorption by the cupel. Mr. Lowe working on .5 oz. of gold, 
obtained by parting in assaying bullion, found it to contain .123 
per cent, of silver. Br. Rose in some special assay pieces found 
by a less direct method of assaying, from ,06 to .09 per cent, of 
siver. The proportion of silver retained varies in a marked way 
with the proportion of gold to silver in the alloy iJefore parting. 
It is generally stated that the retained silver is least when this 
propoHion is 1 to 2 .and more or less silver than this leads to a 
less pure gold alter parting. 

Platinum in an alloy being parted is dia'solved along with the 
silver either altogether or in part. It imparts a straw yellow ' 
colour to the parting add. FaUadiwnt gives an orange colour to 
the acid. 

The loss of gold hj solution in the acid during parting is small, 
but easily demonstrable. On a 500-milligram charge of bulHon 
it ma^" amount to from .05 to .15 milligram ; i,e. from .of to .03 
per cent. It is due to gold actually dissolved and tiot mei^y held; 
in suspension. 

Assaying with checks. Surcharge.— It will be seen from 
what has been stated that the errors in gold parting are of t^; 
kinds : viz. (i)a loss of gold on the cupel and to a less extent ^: 
solution in the add, and (2) an apparent gain of gold due to iihs 
retention of ^silver in. the parted material. , Both errors areBmaUr 
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iMid fts they are of an opposite character they tend to neutralise 
other. Hence they are altogether without effect on the 
accuracy of the assays of o? es when the total gold is reckoned in 
iniiiigrams. And even with the larger amounts present in bullion 
assays their influence is so small that an uncorrect od result is still 
fairly accurate ; the results-nt error would not be more than one 
part in two or thi'ee thousand. 

It is customary to report the purity of bullion, or its fineness 
as it is called, in parts per thousand of bullion. The sum of the 
•errors of an assay, which is called the mrchargei is reported in the 
same way. Thus a surcharge of + .3 means tljat the gold as 
weighed was .3 part per 1000 more than the gold actually pre- 
sent. But a surcharge — .3 means that on ^he whole there was a 
loss of .3 part per 1000 in the assay. 

SpealSng roughly the retained silver will vary with the weight 
of gold present; if one alloy contains twice as much gold as 
another the retained silver will be about twice as much ali^. On 
the other hand, as already explained, the cupellation loss on the 
poorer alloy is as much as, or even more than, with the richer one, 
because of the copper* <^c. present. With rich gold alloys the 
.[^vermore than compensates for the loss and the surcharge is 
^itive ; but with poorer alloys the loss is greater and the sur- 
charge is negative. 

In Mints and places where bullion assays must be made with 
the highest attainable accuiacy, the surcharge is determined by 
experiment, and the proper correction is made in the reports on 
the bullion. This is done by making assays of gold of the highest 
degree of purity alongside of those of the^bulUon whose quality 
to be determined. These “ checks ” are so made that they do 
not differ from the actual assays in any material point. Thus, 
being of the same quality and weight and undergoing exactly the 
same treatment, they may reasonably he expected to have the same 
.Surcharge as the assays they imitate. Suppose the bullion being 
assayed varies only a little, up' or down, from 900 gold and 100 
^pper in the thousand, and that .5 gram of it is used in each 
rassay* A quantity of gold differing only a little from .450 gram 
be very exactly weighed and placed with .050 gram of 
^pper in the same weight of lead as is being used in the other 
B^ys. It would be cupelled, parted, &c., as nearly as possible 
mider the same conditions as the actual assays. Suppose the pure 
^Id weighed .45016 gram and the parted gold weighed .45025 
the gain in weight, .00009 gram, would he deducted from, 
^^•actual assays. A surcharge correction is never applied except 
fWbuUion of the same quality as that represented by the “ chew 
gpMY ’’ it was calculated from. 
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It is evident that unless the gold of the highest degree of 
purity these check assays will introduce an error almost equal tb 
that which it is designed to remedy. Moreover, to work the 
checks to the greatest advantage, a very systematic and uniform 
method of working must be adopted. 

Farting in special apparatus. — One plan for obtaining 
greater uniformity is to stamp each comet with a number for 
purposes of identification, and to treat several, including one or 
more check assays in the same add contained in a beaker ; all the 
assays under these conditions evidently receive precisely the same 
acid treatment. Such a plan can of course only be adopted where 
there is no risf of the gold breaking up during the parting, 
improvement on this is to have a porcelain basin * about inches 
in diameter and with a capacity of about litres. Jt is provided 
with a porcelain cover with 30 numbered holes through which 
tubes dip into the acid. The cover is removable. The tubes are 
like test-tubes and are suflported by the cover ; their bottoms are 
perforated with holes or slits. The acid is placed in the basin and 
boiled over a flat burner; enters the tubes through the slits. 
The cornets are placed each in its proper tube. Whesn the 
boiling is finished, the cover with the tubes is lifted and at the 
same time the acid drains back into the basin. A dip into a 
basin of distilled water washes at one operation all 30 assays. 
The cover is then put on a basin containing the stronger parting 
acid which is already boiling. This boiling is continued for half 
an hour. The cover with the 30 cornets is then lifted out from 
the acid and dipped two or three times in distilled water to wash 
off the last traces of acid. To transfer the comets from the 
tubes to the porous cups the whole of the tube must be dipped 
under the water; otherwise the operation is exactly as when 
working with test-tubes. 

A still simpler method of working is to use small platinum 
cupsf provided with fine slits which admit the acid but retain 
the gold. A number of these, say 60, are supported on a 
platinum tray. The parting acids are boiled in platinum dishes 
under a hood; and the 60 comets (each in its proper cup) are 
placed in the acid all at once: the tray carrying the cups is 
provided with a handle suitable for this purpose. After a proper 
boiling the tray is lifted out of the weaker acid into the stronger 
one, where it undergoes the second boiling. It is next dipped 
several times in distilled water and lastly^ ^ter a gentle diymg,.;! 
it is raised to an annealing tempersture which must not be. too 

t See “Assa^ng and HalPtnarking at the Chester Assay Offloe,* hyr 
W. F. Lowe. Jowm. 8 oe. Ckm. Industry , Sept. 1889. 

<t Percy, Silver md Oold, p. 263. 



high for fear of the gold sticking to the platinum. After cooling, 
the comets are transferred from the platinum cups directly to 
the pa^ of the balance. Here all 5 o comets have exactly the 
same treatment and the checks ” may be compared with great 
exactness with the other assays accompanying them. There is, 
too, a gresit saving of labour.* 

Silver, &c., in gold bullion. — ^Tho base metals are generally 
determined by cupelling .5 gram of the alloy with 5 grams of 
load. The loss in cupellation having been allowed for by any 
of the usual methods (see p. 104) the gold and silver contents are 
given. By deducting the gold the proportion of silver is obtained. 
The silver is generally detoruined by diflerenco in this way. If 
it is desired to dissolve out tl»e copper, silver, &c., and to 
determine them in the wet way, the gold must first be alloyed 
with a sufiiciency of some other metal to render it amenable to 
the attack by acid. Cadmium is the met.al gencrafly recommended, 
and the alloy is made by melting together a weiglied portion of 
the gold with five or six times its weight of cadmium in a Berlin 
crucible and under a thin layer of potassium cyanide. 

Lead with gold or silver. — Large quantities of lead carrying 
gold and silver are sold to refiners in bars weighing about loolbs. 
each. The assay of these alloys presents no special difficulties, 
but the sampling of them is a question which m.ay be profitably 
discussed, t 

A molten metal may bo conceived to have all the physical 
states observed in ordinary liquids, although these cannot be 
actually scon owing to its opaqueness. There is no doubt that 
pare lead at a temperature only a little above its melting-point 
can contain a large proportion of gold in such a manner that it 
may in a figurative way be spoken of as a clear solution. Any 
small portion withdrawn from the molten metal would afford a 
perfect sample. The same would be true of any pure alloy of 
lead and silver in which the silver does not exceed the proportion 
of 2 J per cent.J On the other hand, if the molten metal contains 
■much more than ,5 per cent, of zinc, more than .1 per cent, of 
topper, or a larger quantity of silver, it may be likened to a 
^turbid liquor. The resemblance holds good so far that if the 
(doiolten lead be further healed, whereby its solvent power on the 
! added metal is increased, the turbidity will disappear, or at least 

^ * See alfio “The Assaying of Gold Bullion,’* by C. Whitehead and 
j|^, Ulke. Enff. and Mininq Journal^ New York, Feb. 12, 1898. 

t Consult Percy’s Metallurgy of Silver and Gold, p. 172 ; A. C. Claudet, 
Imt. Mining and Metallurgy, vol. vi. p. 29; G. M. Roberts Tram. 

‘ 4 fn«r. Imt. Mining Engineers, Bulfalo Meeting, 1898; J. an^H. S. Pattim 
(.ion, Journ. Hoc. Cham Industry, vol. xi. p. 321. 

^ X Heycock and Neville, Joum. CItem. Soc., 1892, p. 907. 
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be considerably diminished. A portion taken at random frotOi 
such a molten metal may, or may not, give a good sample. Tho 
suspended insoluble matter will tend to concentr.ate itself in the 
upper or lower parts of tlie liquid according to whether it is 
heavier or lighter than it ; and this separation may occur with 
extreme slowness or with fair rapidity. However, it is generally: 
agreed that in the case of such alloys as occur in practice, samples 
taken in this way are quite s-atisfactory and are the best obtain- 
able. The precautions insisted on are that the lead shall be made 
as hot as practicable ; that it shall be stirred up at the time df 
taking the sample ; and that the portion withdrawn shidi be 
taken out with a ladle at least as hot as the molten metal. The 
further precaution that if any dross be on the surface of the 
it shall be skimmed off and separately sampled and assayed^ 
almost too obvious to require mention. An alternativ|L^^^^ 
perhaps, better way of taking tlie sample is to witli(lri|#^poitfi)iia 
at equal intervals from ^le stream of metal whilst the pot is being 
emptied ; equal weights taken from these portidS* and mixed (by 
melting or in some other wfiy) give a fair sample of the whole. In 
addition, separate assays of -Bach portion will show to what ©xteiA 
the metal lacks uniformity in composition. For example, 
taken at the beginning, middle, and end of a run gave the 
ing results in ozs. of silver per ton: 475, 472, 466, shoving an 
average result of 471 oza. Fifteen fractions taken at regular 
intervals during the same pouring ranged from 475 ozs. -to 
464 ozs. : the average result was 469.8 ozs. The same lead cast 
into bars and sampled by sawing gave an average of 470 ozs.* In 
another casef samples drawn at the beginning, middle, and end of 
a run gave 1345 ozs., 1335 ozs. and 1331 ozs. The mean result 
in such cases is always a reasonably safe one, but evidently where 
the metal varies a good deal it is safer to take more .than 
three dips. 

Imagine such lead run into moulds and allowed to become 
solid as bars ; the dilference between bar and bar would not hst 
greater than that between corresponding dip samples. 
each b&r the distribution of the silver and gold is very seriepiw 
affected ^ring solidification. Chips taken from the same 
auidferoOT load may show in one place 23 ozs. of gold tatfl^ 
in another 39 ozs. ; similarly with silver they may vary as 
^ from 900 6zs. to 1500 ozs. to the ton. ' 

^ This reaiTangement of the constituents of a bar takes 
whilst the lead is partly solid, partly liquid. The inoat usrfjS^ 
conception of such half-solidihed metal is that of a felted 


Q. M. BoberU. 


t A. 0. Claudet. 



mass of skeleton crystals of comparatively pure lead saturated 
with a still fluid enriched alloy. If the solidification of an ingot 
of impure tin he wjitclied it will be evident that the frosted 
appearance of the surface is due to the withdrawal of the fluid 
portion from a mat of crystals of purer tin which have been for 
some time'solid and a contraction of the mass. I’lie shrinking of 
the last part to become solid is further shown ty the collapse 
of the surface of the ingot where weakest ; that is, a furrpw is 
formed on the flat surface. In other cases of fused metal there is 
expansion instead of contraction in this final stage of the solidifi- 
cation, and the enriched alloy then causes the upper face of the 
ingot to bulge outwards. 7 ^here are other causes effecting the 
redistribution of the metals through the ingot. There can be no 
geneml rule of wide application showing which pirt of a bar is 
richest and which poorest in the pi^cious metals. This will depend 
on the quantities of gold or silver, on the quantities and kinds 
of other metals present and on the manner of casting. The 
student is advised to consult Mr. Claildot’s paper which has been 
already referred lo. 

The best method of sampling such bars is to melt them all 
down and to take a dip sample of the molten metal in one or 
ofiher of the methods already described. According to Mr. Olaudet 
this should be done in all cases where the gold' exceeds one or two 
ounces or where the silver exceeds 200 oza. to the ton. If during 
the melting down some dross has formed this must be skimmed 
off, weighed and separately sampled and assayed, The clean lead 
also must be weighed, sampled and assayed. The mean result 
must be calculated. Thus 14 tons 5 cwts. of clean lead assaying 
32 ozs. to the ton will contain 456 ozs. of silver; 15 cwt. dross 
assaying 20 ozs. to the ton will contain 15 ozs, of silver. The 15 
tons of lead and dross will contain 471 ozs. of silver or 31.4 ozs. per 


ton. 

Of the methods of sampling which avoid melting the bars, that 
. known as sawing is the only one which is thoroughly satisfactory. 

it the bars are brought to a circular saw having fine teeth and 
'are aawn across either completely or halfway through ; in this 
,^way a quantity of lead sawdust is obtained (say i lb. or^so from 
fek bar) which represents exactly the aveiage of the bar along the 
j2paj^icular cross section taken and approximately that of the wholo 
A bar of lead, which by dip assay gave 334 ozs. to the ton, 
Mve on three transverse sections 333 ozs., 335 ozs. and 331 ozs* 
Phie variation may be greater than this, but with a large number 
1^ bars, where each bar is out across in as far as possible a different 
^ koe, these variations tend to neutralise each othell^ and a good 
Etple is obtain^. Two or three cwt. of sawdust may be obWned 
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n this way ; this is thoroughly mixed and reduced by quartering 
in the usual way or by a nioclianical sampler. A sample of 2 or 
3 lbs. is sent to the assayer. This being contaminated with the 
oil used in lubricating the saw is freed from it by washing with 
carbon bisulphide, ether or benzene and dried. Then, after 
mixing, 100 to 200 grems of it are carefully weighed and placed 
in a hot crucible, the heat of which .should be sullicicnt to melt 
all the lead. The molten lead should not be ovcvhcateil and 
should show no loss due to the melting. The removal of the oil 
may have decreased the weight by perhaps one half per cent. If 
the lead gives dross on heating it may be melted under 10 or 20 
grams of potassium cyanide, which prevents the formation of 
dross. Sampl(‘.s are sometimes taken with a drill, gouge or chisel, 
though no metliod of this kind is quite satisfactory. One plan 
adopted is to use a punch whidi, wlicn driven into tlie bar, gives 
a core or rod of metal about half n,s long as the bar is thick and 
about onc-oighth of an inch across. With five bars side by side 
it is customary to tlrivo in the punch at one end on the first bar, 
and at the opposite okI on the Ja.st one, and on the others in 
intermediate positions in such ^ manner that all the lioles will be 
along a diagonal of the rectangle enclosing the bars. The bars 
are then turned over and similar portions punched out through 
the bottoms of the bars and along the other diagonal. Or one 
set of five may bo sampled along the top and the next set along 
the bottom of the bars. 

Silver and gold present in bars of copper aie subject to the 
same irregulaiity of distribution as in lead. The sampling of such 
bais is guided by the same principles,* 


OYA^^TI)ES. 

The cyanides ought perhaps to be considered along with 
chlorides; bromides and iodides in Chapter XV. But they are 
treated here becriuse they owe their importance to their use in 
the extraction of gold and bottiuso their determination has become 
a pari of the ordinary work of an assayer of gold ores. 

Formerly, the cyanide most easily obtained in commerce was 
potassium cyanide; and it was generally sold in cakes which 
might contain as little as 40 |)cr cent, or as much as 95 per cent,, 
of the pure salt. It became customary to expri as the tpmlity of a 
sample of commercial cyanide by sjiying it ctmtained so. much per 
dent, of potassium cyanide. The comme^dial product now made 

* “ The SaApling of Argentiferous and Aiinferous Copper,*' by A, E> ' 
LedotiZ. Jintrn. Canadian Mining Institute, 189^ 



fmproved motliObIfl of manufacture is actually sodium cyanide,"! 
4ut is called “potissium cyanide” (probably with the words 
^double salt” on the label); it contains r*yanide equivalent to 
^something over loo per cent, of potassium cyanide in addition to 
a large proportion of sodium carbonate and other impurities. 
What is wanted in most cases is merely a solubh' cyanide, and it 
is a matter of indifference whether the base bo sodium or 
potassium. But since 49 parts of sodium cyanide (NaON = 49) 
are equivalent to 65 pai-ts of potassium cyanide (KON - 65) it is 
jevident that a pure sample of sodium cyanide would contain 
cyanide equivalent to little less than 133 per cent, of potassium 
cyanide. Therefore a sample of cyanide reported on in this way 
play be rich in cyanide, and yet have much impurity. 

' The commonest impurity in commorcial cyanide is carbonate of 
sodium or potassium. This may be tested for by dissolving, say, 

2 , grams in a little water and adding barium chloride. There 
may be formed a white precipitate of barium carbonate, which if 
filtered . off, washed and treated with acid, will dissolve with 
eflfervescence. Cyanate may be tested for in the solution from 
which the barium carbonate has been filtered by adding a littk 
>oda and boiling; if cyanates are present. they decompose, giving 
off ammonia (which may be tested for in the steam) and yielding 
a ftmther precipitate of baiium carbonate.* If the soda alone 
'gave a further pwjcipitate of barium carbonate, this may, perhaps, ^ 
be due to the presence of bicarbonates. JUkaline sulphides may 
be present in small quantity in commercial cyanide. Their 
^ presence is shown at once when the sample is being tested for its 
strength in cyanide, inasmuch as the first few drops of silver 
/nitrate solution produce at once a darkening of the liquor. A 
.special test for sulphide may be made by adding a drop or two of 
.Bolution of acetate of lead to four or five c.c. of soda solution and 
:fulding this to a clear solution of the suspected cyanide. This 
cause a black precipitate j)t colour, if- any sulphide ir 

/Resent. 

' ^ The cyanides of the heavier metals combine with the alkaline 
:r,|3^ide8 to form doable Cyanides. Spme of these, ferrocyanide 
lanEd ferrioyanide of potassium for example, have such characteristic 
j^^perties that the fact that they are cyanides maybe overlooked. : 
»CHihers, such as' potassium zinc oyanide (K^nOyJ, have much 
distinctiveness ; they behave more or less as a mixture of two . 
nides and M*e, moreover, so eaaly decomposed that it may be 
^^bted they can exist in dilute alkalme sqlutions. In reporting V 
(^anide strength of a cyanide liquor as equival|nt to so much ^ 

itaC^O + BaOl, + l?aHa + H.0 « NH. + fiaCO, + 2 Kaa 
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per rent, of pota.«siuni cyanide, there ie a question as to whether 
the cyanide present in ih(! form of any of these double cyanides 
ehould be taken into account. It must be remembered that the 
object of the :issay is not to team how much of the cyanide exists 
in tJjc solution a.siicluul potassium c}anide; rcpoitinic the strength 
in terms of this salt is a mere matter of convenience; what is 
really desired is to know how much of the cyanide present in the 
li(pior is “free” or “available” for the purposes of dissolving 
gold. Kvery one is agreed as to tbe. exclusion of such cyanidtis 8 $ 
the following: y>otassium fenocyanide (K^Ket'yrJ^ potassium 
fcrricyanide (l\.hVOy,;), pot.;u«sniiu silvtT cyanide (KAgUy,), and 
potassinui anrocyanide (KAnth’.,); and the double cyanides with 
coj)per or nickel, fhit with cyaniue liquors containing zinc the 
po.sition is less satisfactory. mctluvf of assay gives a lower , 

proportion of cyanitle when this metal is present ; and the loss ot-'*' 
available cyanitle thus reported dcpcmls, tliougb in a liiful afid 
uncertain way, ujani tiic qucniiiy of zinc present. Tlie other 
method of assay r<'jjoiis> as lull a stit'oetb in cy«inide as it no 
zinc were yjrcscnt. Unfortunately, using bntli methotls and 
accepting the din'ereucc in the resuKs a'i a rutaHure of the 
quant.ity of zinc present, or ao any rate of tlic zinc present as 
evanide, is not satisfactoiy. It aymcavs b«‘st to use the method 
which ignores the zinc ; ami to dt'termine the amount of zinc by 
a spt‘cial assay of tbe litpior for this metal. 

The cyanide jn esent as liydrogen cyanide or prussic acid (UCy) 
is {jimitically useless as a gold solvent. lienee any rcjtort on the 
Btrongth of a cyanido Ihima- which a.ssigred to this the same value 
as its equivalent of alkaline cyanido would be misleading. On 
the other hand, it is “'availd)ic cyanide” ina.'uniich as a proper 
addition of sodium hydrate* w(cdd re.st.ore its value. The question 
of the presence or absence of free prussic acid is involved in tbe 
larger one as to whether the cyajiidc solution has the right degree 
of alkalinity. The assay for “cyanide” should include the 
hydrogen cyanide with the rest. 

A rough lest of tlio power of a cyai»ido liquor for dissolving 
gold may be made by (loating a gold le:d on its surface and noting,^ 
tbe time required for its solution. This test might, porlia)'>s, 
improved by biking, sav, 20 c.e. of the liquor and adding three 
four gold leaves so that the gold shall always be in conriderabl© 
excess. The liquor should not be diluted as this will affect th© , 
.result. It should be allowed to st.and for a definite time, say at, 
least two or thi'eo hours, or better, that ced^pon ding to the titne 
the liquor is in contact with the 01 e in actual practice. Thtf’ 


+ NallO « NaCy + 11,0. 
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liquor Khonld tnon be Oltered cl^' tind, with the Ixj 

eva])or.‘ittiil in a lefu.' dish as in the assay of <‘3aiiido liquors for 
gold \p. 1 41). The g<d I obtained on cupelling, k\ss any gold 
and silver originally present in the liquor, would be the nu'asure 
of the gold dissolving power. 


THE ASSAY FOE CYANIDE BY TITHATTON 
WITH SILVER NITRATE. 


The deterniinfU.ion of tlie qo.mtity of a cyanide is made by 
finding bow much siher nitrate is required to c(»nv( rt the wliole 
of tiui cyanide inio pot:issiiim siJyer eyanidc?'' or one of the allied 
compounds. It will he^ s(‘en froni'the equation that 170 parts })y 
weight- of silvei* nitrate are required for 130 parts hy weight of 
potassium eyanidi'. As already ex])laincHl it is customary to 
, report the cyanide-strength in terms of potassium cyanide, even 
when only tihe sodium salt, is pinsimt. One gram of potassium 
cyaiukhMvill re(juir(} 1.3076 gr;i,m of silver nitrate. The siaiulard 
solution of siltmr uitruie i.s made by dissolving 13.076 grams of 
silver )iitrate in distilled water and diluting to i litre; 100 c.c. of 
such a solution are ecjiiivalent to i gr.am of potassium cyanidc.t 

The titration is ]>ei formed in the usual way, runuirTg the 
standard solution of siUer nitrate into a Kolulion containing a 
known weight or volunu! of the material containing tlm cyanide. 
The Jwiffhmcf point is determined in one of tw^o ways, both of 
which are largely used, in the first place, as long as there 
remains any free eyanido in the solution the silver nitrate will 
combine with it forming the double cyanide and yielding a deax 
solution ; but as soon as all the Iree cyanide is used up the silver 
nitime Avill react with the double cyanidef forming silver cyanide, 
which separat<\s as a white precipiUte and renders tlio solution 
turbid. But. in the second place, if potassium iodide is present 
in the solution the excess of silver nitrate will react with 
it,§ rather than with the double cyanide; and silver iodide will 
separate as a yellowLsh turbidity which is easily recognised. 

In working with pure solutions, the two finishing points give the 
saine results ; and Ihis is true even when there is much diflbrence 
in the degree of dilution. The finishing point with the iodide, 


: KAg(CN), + KNO^ 

) that 100 C.C. shall be equivalent 


: * 2KCN.t-ABNO,-^ 

t If it be desired to make a suluton so luaii 100 c.c. siiaji ue equivaienc 
4|p 1 gram of sodium cyanide, then 1S.085 grams of silver nitrate should be 
tl^en for each litre. • 

; t AgNO, + KAgCy, = 2 AgCy + KNO^ 
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however, has an advantage m precision. Moreover, it is but 
little affected by variations in alkalinity, wliieli render the other 
finishing point quite useless. The great difference betweefi the 
two is shown when zinc is present in the solution. In this 
case, when working without the iodide, the first appearance of 
a turbidity is less distinct; the turbidity increases on standing 
and as a finishing point is unsatisfactory. It can be def,ermined 
with precision onfy by very systematic working and after some 
experience. The turbidity is duo to the separation of an insoluble 
zinc compound. A most important point (to which reference has 
already been made) is that less silver nitrate is required to give 
this turbidity and, consequently, a lower strength in cyanide is 
reported. On the ether hand, as much silver nitrate is required’ 
to give the yellow turbidity due to silver iodide as would be 
required if no zinc were present. 

Unfortunately the difference in the two titrations does not 
depend merely on the qujfntity of zinc present; lus it is also 
influenced by the extent of dilution, the degree of alkalinity of 
the solution, and the qunntisjy of cyanide prcscrit. In ah 
experiment with .055 gram of zinc sulphate and .1 gram 
potiissium cyanide the dilforence in the two tlnisfiing points w^ 
only .1 C.C.; whereas with .4 gram of potassium cyanide, 
other conditions being the same, the difference was 1.5 o.cr6i 
standard silver nitrate. On the assumption that all the zinc was 
present as potassium zinc cyanide (K^nCy^) the difibrence should 
have been 5 c.o. in each case. Again, repeating the experiment 
with .4 gram of potassium cyanide, but with .11 gram 6£' 
crystallised zinc sulphate, the difference was 6.5 c.c. : that is, 
merely doubling the quantity of zinc increased the difference bj 
more than four times. Hence it would appear better to use the 
method with the iodide and make a separate assay for the zinc. 
But since the student may be called on to use the other method, 
he is advised to practice it also. 

The assay without iodide.— The standard solution of silver 
nitiate is placed iu a small burette divided into tenths of a .c.c. 
Ten 0.0. of the cytmide solution to be assayed is trax^erred to a 
small flask and diluted with water to about 70 c.c. M'lie silver 
solution is then run in from the burette (with constant shaking' 
of the flask), a little at a time but somewhat rapidly, until fi,: 
permanent turbidity appears. Since 1 c.c. of the silver nitrati^: 
solution corresponds to .01 gram of potassium cyanide, it aliW' 
corresponds to .1 per cent, of this salt counted on the 10 c.c. 
cyanide solution taken. The titration should be performed i|i;||j^; 
fairly good uniform light. The learner should practice on^i; 
fairly pure Solution of potassium cyanide at first, Uns 
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eonveniently have a strength of about i per cent. For practice 
with, solutions containing zinc make a solution containing i.i 
gram of crystallised zii.'. sulphate iu loo c.c. and slowly add 
measured quantities of from i to 5 c.c. of this to the 10 c.c. of 
cyanide liquor before diluting for the titration. 

If a cyanide solution blackens on the addition of the silver 
nitrate it contains sulphide. In this case, shake up a considerable 
bulk of the liquor with a few grams of lead carbonate , allow to 
settle and ninke the assay on 10 c.c. of the clear liquor. , 

If the cyanide liquor be suspected to contain free prussic acidj 
take 10 c.c. for the assay as iLSual; but, before titrating, add .i 
or .2 gram of sodium carbonate. On no condition must caustic 
soda or ammonia be added. The difference between the results, 
with and without the addition of carbonate of soda, is supposed 
to measure the quantity of free prussic acid. If this has to be 
reported it is best done as ^‘qirussic acid equivalent to . . , per 
cent, of potassium cyanide.” Suppose, for example, the difference 
in the two titrations equals i c.c. of standard silver nitrate ; the 
prussic acid found would bo equivalent to .i per cent, of potassium 
cyanide. 

The assay with iodide. — The standard solution of silver 
nitrate is placed in a bur(5tte divided into tenths of a c.c. Take 
10 c.c. of the cyanide liquor, which should previously have been 
treated with white lead for the removal of sulphides if these . 
happened to be present. Transfer to a small flask, add 3 or 4 
drops of a solution of potassium iodide and 2 or 3 c.c. of a 
solution of sodium hydrate ; dilute to 60 or 70 c.c. with water. 
If much zinc is present the soda may bo increased to 20 or 30 c.c. 
with advantage. The standard solution should be run in some- 
what rapidly, but a little at a time, so that the precipitate at first 
formed shall be small and have only a momentary existence. 
The titration is continued until there is a permanent yellowish 
turbidity. The most satisfactory and exact finish is got by 
igiionug any faint suspicion of a turbidity and accepting the 
unmist&ablo turbidity which the next drop of silver nitrate is 
Sure to produce. This finisliing point gives results which are, 
.exactly proportional to the quantity of cyanide present ; and it 
ean be recognised with more than ordinary precision even in 
^lutions which are not otherwise perfectly clear. 

Each c.c. of the standard silver nitrate solution corresponds to 
gram of potassium cyanide ; and if 10 c.c. of the liquor are 
g^dwln for assay this corresponds to .1 per cent, or 2 lbs. to th« 
i^ort ton or 2.24 lbs. to the long ton. As already explained the 
ilttonlt should be reported as ** cyanide equivalent so much per 
x>f potassium oyamde.” 
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The following experiiueiital results were obtained with a solution 
of potassium cyanide made up to contain about 1.2 percent, of 
the 

ElTect of varying cyanide. — The bulk before titration wotS in 
each (use 60 c.c. ; 2 c.c. of soda and 3 drops of potassium iodide 
were ust;d in each case. ^ 

Cyanide ad(k!rl 40 c.c. 30 c.c. 20 c.c. 10 c.c. 5 c.c. i c.c. 

bilvcr n quiied 47.0 c.c. 35,250.0. 23.5 c.c 1170,0. 5.80.0. 1.15C.C. 

Acioopting the result for 40 c.c. as correct, the others are in 
very aatislbctory agreenK'nt. 

Ellbct of varying dilution. — ^Tho conditions were those of 
tlie 40 c.c. c^Apcriiinjfit in the last series; but varying amounts of 
water w(U'C used in diluting. 

W.'iter added .« none 100 c c. 200 c c, 400 c.c. 

Silver required ... 47.00,0. 47.0 c.c 470 c.c. 47050.0. 

Very considerable dilution tlHuefove lias no ellecA.. 

Efl'oct of varying soda.~;-The. contbtions were those of the 
40 c.c. cxpjriun'iit lu the (Irst ser«e>', except vbat varying amounts 
of soda solution were used. 

Soda added ... none 10 c,c, 30 c.c. 

Silver required ... 46 95 c.o. 47,0 c.c. 47.0 0.0, 

Thi.s jilkiili therefore has no prejudicial effect. 

Effect of ammonia. Soda cauMvs turludiiy in some cy.auido 
U<inors ; uiUi these it sliouhl he ivjdaced by 2 or 3 c.c. of dilute 
ammonia witli a gram or .so of arnmoniiun chloride. TJio following 
oxporinient.s with dilute aiuiuoiiia show that larger quant.ities of 
this re igent must be avoided, 

Ammonia added ... none loc.c. 30 c.c. 60 c.c. 

Silver required ... 46.95 c.c. 47.15 c.c. 47.7 c.c, 49.5 c.c. 

Effect of sodium bicarbonate.— lii tins experiment i gram 
of bicarbonate of soda was used instead of the soda or ammonia - 
of tho other experiments. The silvei' iiitmte re(j[inred wa.s only 
46.45 c.c. insterid of the 47.0 c.c. which is the normal result. 
This is probably due to the liberation of prussic acid and show® 
tlie importance of having the solution alkaline. 

Effect of zinc. — In each experiment 40 c.c. of the cyanide /’ 
Bolution and .5 gram of zinc sulphate crystals vr;ro used and the 
bulk Avas n»ade up to loo c.c. boforo titrating, . 

Soda added ... i c.c. 5 c.c. toc.c. 25(5.0. % ' 

Silver required 47.10,0. 47.0 c.c. 45.900. 46.90 c. , ;'S 

The work was easier with the more alkaline solutions. The' 
tit};ation in the presence of zinc is comparatively easy, but, 
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learniiig it, it is well to have a buretU^ with cyanide so that if a 
titration be overdone it ' rn l)o brouglit back by tho addition of i 
or 2 c.c. more cyanide and ihe finish repeated ; a qnaHer of an 
hours work in this way will ensure eonlidence ii’ ^he method. 

EUect of other substances. — H wa^ foilin' Oial an aikalme 
cyanate, sulidiocyaimto, ferrocyanide, nitrite, borate, silicate or 
carbonate lias no cHeet. The ferricyaiiido had a small liifluonce 
and, as might he expected, h\posulphitc is fatal to tee assay. 
Tlio addition (d* sails of le.ad and cuilmiiim was without ellect. On 
the oth(‘r hand, nickel prodru^es ds full ehect ; and the quantity 
of nickel added can be cak-iilati d willi accuracy from the extent 
of its interference with the titration. 

Assay of commercial cyanide of potassium. — break off 
20 or 30 grains of the i.yanidc in clean lh*esh pieces, w^eigh 
accurately to the nc^a^ost centigram. Dissoho in water containing 
a little sodium hydroxide; transfex' to a 2'liire flask: dilute to 
' 2 litjus ; add a few grams of white lead ; shake up and allow to 
settle. Kun 50 c,c. of the clear liquor from a burette into an 
8 oz. liask ; add 2 or 3 e.c. of soda solution and 3 drops of 
potassium iodide, Titiate with, tlio staudard solution of silver 
nitrate. The percentage may he caleulaU'd by imiH-i])lying the 
number of c.e. used liy 40 (50 v,x. is one fortieth of the 2 litres) 
and dividing by the weight of eommenaal cyanide oj'iginally 
taken. 

Alkalinity of comraorcial potassium cyanide and of 
cyanide solutions.— *TI)ilrocyanic acid like caibonie acid has 
no action on methyhoraiige lienee tlie alkaline cyanides may 
be titrated with “ normal acid ” as easily as the carbonates or 
hydrates. 100 c.e. of iiovmai acid will neutral iso 6.5 grams 
of pure potassium cyanido.f A solution of commercial cyanide 
prepaj’cd as for the assay last described, but best without the 
addition of white lead, may be used for the test. Take 50 c.c. of 
it ; tint faintly yellow witli meili}'l-ora.iigo and titrate with normal 
acid till the liquor aequii'cs a jiermanent reddish tint. In tho 
case of the purer samjiles of cyanide the qmintity of acid used 
\.ill correspond exactly with tliat lequired to ncutialise the actual 
quantity of cyanide pi-esent as determined by the assay with 
nitrate of silver. The less pure s.am})l(‘S will show an excess 
of alkalinity because of the presence of sodium carbonate or 
tif potassium carbonate. 

' In comparing the alkalinity and cyanide strength of a solution 
simplest plan is to take 65 c.c. of tho sohitifiBi and titrate 

] * See pp. 322, 323, and 324 for a description of the methods for ineasiir- ' 
'Itw tho quantity of acid or alkali. 

+ HCl = KCl + HON. 
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with normal acid; for in this case each c.c- of normal acid coiv‘ 
refi])onds to .i per cent, of potjissiiim cyanide. Jn aysteunatio 
assays of this kind, the alkalinity would no doubt be generally 
in excess of that required by the cyanide present : there wouM 
be no inconvenience in recording such excess in terms of potassium! 
ey.anidc. 

Determination of the acidity of an ore — Most ^res 
have the power of destroying more or less of the alkalinity of 
a cyanide solution and in a proportionate degree of dam.afpng its 
efficiency. An .assay is needed to determine how much lime or 
soda must he added foi* each ton of ore in older to counteract 
this. Whether this acidity should be reported in terms of the 
lime or of the soda required to peiitralise it will depend on which 
of these reagents is to bo usetl in the actual practice. Again, if 
the ore is washed with w'ater before tieating with cyanide on the 
large scale, then the a.ss.ay should be made of the acidity of tbe 
ore after a similar washing. 

The standard solutions of acid and allioli used for this 
determination may be one-lifth nornial. 2uo vs. of the normal 
solution should be diluted to i litre in eadi cjise. i c.c. of the 
resulting solutions would l>e equivalent to 8 milliginms of soda 
(NallO) or 5.6 milligrams of lime, OaO. it must be remembered’ 
this refers to the pure bases in each case. Suppose it is 
desired to report as so many lbs. of lime to the shoidi ton (2000 lbs.) 
of ore. Since i c.c. of the standard solution is equivalent to 
5.6 milligrams of lime, if we take 2000 times this weight of ore 
{is. 11,200 milligr.nms or 11.2 grams) for the assay, each c.c. of 
stiindard solution will be equivalent to 1 lb. of lime to the short 
ton.* 

Total acidity. — Weigh out 11.2 grams of the ore, place them 
in a four-inch evaporating dish and measure on to it from a 
burette 10 or 20 c.c. of the standard solution of soda. Stir the 
soda solution into the ore and allow to stand for 15 or 20 
minutes with occasiomU stirring. Stir up with 30 or 40 c.c. of 
water, float a piece of litmus paper on the liquid and titrate with 
the ^ndard sohition of acid. If the ore is strictly neutiul the 
quantity of “acid” required to redden the litmus will Ih) the 
same as the- quantity of “soda” originally used. If the ove^is 
acid, less acid will be used. For example, if i-^ c.c. of soda were 
used and only 7 c.c. of acid were required, tbe ore will have doM 
the work of the remaining 3 c.c. of acid. And the ton of ore 
require 3 lbs. of lime to neutralise its acidity. 

* Taking 16.0 grams of ore, each o.c. » i lb. of soda to the short 
Tim corresponding figures for the long ton are 12.544 grams for Um* 
1^2 grains for Bodfc / 
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Acidity after washing. — Take 11.2 grams of the ore; wash 
thoroughly with water at) ! immediately treat the residue, without 
drying, exactly as just described. 

Examination of cyanide solutions for met.ils, &o. — Take 
a measured quantity of the solution, say 20 c.c.* wl evaporate m 
a smo.ll dish with, say, half a c.c. of strong sulphuric acid. 
Evaporate at fir.st, on a water-bat.h in a well ventilated jdace, but 
finish off with a jaaked liiinsen llnmo, using a liigh temperature at 
the end in order to completely decompose the more refi'actory 
double cyjinidcs. Allow to coo' ; moisten with strong hydro- 
chloric .acid ; warm with a little water and test for the metals in 
the solution by the f)rdiiiary moiliods. Since the (piantiiies of 
the metals likely to be present may be given in milligrams the 
work must be cai e'fully j)orformcd. It may bo worth while to 
determine the proportions of lime and magnesia as well as those 
^ of the metals proper. 

Or the 20 c.c. of cyanide liquor may bo evaporated with 5 c.c. 
of strong nitric acid to dryiio-ss and gently ignited and the 
residue taken up with 2 or 3 c.c. of strong hydi'ochloric acid. 

Coj>per, iron, and zinc can bo rapidly determined in such a 
solution, as follows. Dilute Avith water to 10 or 15 c.c., add an 
excess of ammonia, and filter. The precipitate will contain the 
iron as ferric hydrate; dissolve it in a little hoi dilute sulphuric 
acid : reduce witli sulphurett^jd liydrogen ; boil off the excess of 
gas, cool and titi’ate with standard potassium permanganate 

i p. 236), Determine the copper in the filtrate colorimetrically 
p. 203) ; but avoid further dilution. Then add dilute hydro- 
chloric acid, so as to have an exce.ss of 4 or 5 c.c. after neutralising 
the ammonia ; add some clean trips of lead foil, and boil until 
the solution lias for some time become colourless. Titmte with 
standard potas.sium feri ocyanide (p. 263) without further dilution, 
and bearing in mind that at most only one or two c.c. will be 
^required. 

Examination of an ore for cyanicides.” — Place 100 
/grams of the ore with 200 c.c. of a cyanide solution of known 
strength (say .1 or .2 per cent.) in a bottle and agitate for a 
' ^finite time, such as one or two days, Filter ofl’ some of the 
^quor and assay for cyanide, using ,say 20 c.c. Calculate how 
ginuch eyanido has been dastroyed in the operation. Evaporate 
So C.C. with sulphuric or nitric acid and examine for metal. Test 
tegother portion for sulphidas, &c. 

^ The student who has mastered the methods of ^assaying can' 
fgi^atly improve himself by working out such problems as the above, 
^ ^ In which case each .01 gram of metal fonnd equals i lb to the slmrt 
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PLATTXITM. 

Plfitinum occurs in nature in alluvial doiiosits associated with 
gold and some rare metals, generally in fine, metnllic grains, and, 
occiisionally, in nuggets. It is a grey metal with n liigh specific 
gravity, 21.5 when pure and about 18.0 in native specimens. It 
IS fusible only at tlic highest teiuporaturc, and is not acled on by 
acids. 

It is dissolved by warm aqua regia, forming a solution of 
“platinic chloride,’* il„Pt(1g. This suhsianee on evaporation re- 
mains as a brownish red deliqueseent mass; on drying at 300* 0. 
it is con\ erted into platinous chloride, PtCd„, and beciomes insoluble, 
and at <‘i higher tern perfiture it is converted inb) ]^lalinum. All 
platinum eoiupounds yield the metal in this way. Platinic 
chloride combines with ot-iier chlorides to form double salts, of 
which the ammonic and potassic plat ino- chlorides are the most' 
important. 

Platinuiifi alone is not soluble in nitric ar-iu ; 1 ut when alloyed 
with other metals which dissolve in this licid it too is dissolv'ud; 
BO that in gold fiarting, for examjde, if ptalinnin was }»re.sont, 
some, or yierliaps the whole of it would go into soluti(»n with the 
silvc'r. Such alloys, however, w)ion ti’cated with hot sulphuric 
ac‘id leave the platinum in the residue with the gold. 

Platinum is delected when in the metallic state by its physical 
characters and insolubility in acids. In alJoy.s it may In' found by 
dissolving them in nitr ic acid or in aqua regia, evaporating with 
hydroehloric aoiit, and treating the liltrate with amnionic chloride 
and alcohol. A heav}' yellow psecipitate marks its presmice. 

The assay of bullion, or of an alloy containing platinum, may 
be made as follows: Take 0.2 gram of the alloy and an equal 
weight of fine silver, cupel with .sheet lead, and weigh. The loss 
in weight, after deducting that of the silver added, gives the 
weight of the base nu’tal.s, copper, lead, <kc. Flatten the button 
and j)ai*t by boiling with .strong sulphuric acid for several minutes. 
Vn^en coWj Wasli, anneal, and weigh. The weight is that of the 
platinum and gold. ’I'he silver may be got by difibrence. lie-, 
cupel the metal thus got with 12 or 15 times its weight of silver,; 
flatten and part the gold with nitric acid in "he usual waiy (see 
under Gold\ and the platinum v’ill dissolve. Trie gold may con-* 
tain an alloy of osmium and iridium ; if s<>, it should he weighed^ 
and treated with aqua regia. The osmiridium will remain as an ' 
insoluble resulue, w^hicb can be separated and weighed. Its weight 
deducted from that previously ascertained will give the weight tit 
tFe gold. 
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When the platirimri only is required, the alloy must be dissolved 
by treatmei.t with nqwa regia, the solution evaporated 

to dryness, and the resin .e extracted rtitli water. The solution 
thus obtained is treated with a.inmonic eddoride in large excess 
and with some aleohol. A s])aringly soluble^ amnionic 

platimnn cliloriile is thiuwn down, mixed, perhaps, with the corre- 
fipondiiig s;dts oC other metals of the ])lathium gronj). Gold will 
be in solution. The solution is allowa'd to stand for so’ lu time, 
and then tin ]treci]»itate is liltored off, w’ashed with alcohol, 
dri(;d, and transferi'e<l (w"ra]»ped in the iilter paper) to a weighed 
crucible, it IS ignited, goiitiy at first, as there is danger of vola- 
tili.-lng some of the ])latinnii> chloride, ami afterw'ards intensely. 
With laige rjniintities of platiiinm the igiiition should ho per- 
formed in an atmosplieic of h^nlrogcn. Cool and weigh as 
metallic platinum. 

TJIII> 1 U\I 

Ocoins in nature alloyed witli osmium as osmiridium or iridos- 
minc, which is ‘‘rather abundant in the a.uriferous hoiich SJinds 
of Noj*th(‘rn Calitbi'uiri” (Dana). It occurs in bright metallic 
scales, which do not alloy with lead, and are insoluble in aqua 
I'Ogia. Iridium also ocitiirs in most platinum ores, and forms as 
nnicli as two per e<‘ht.. of some coinuieveial platiimm. In chemical 
pro])(n'ties it resembles platinum, but tbe aminonic irido'cbloride 
has a daj’k led colour, and on ignition leaves metallic iridium, 
whicli do(!s not dissolve in acjna regia diluted with four or live times 
its volume of Aval or and lieated to a temperature of 40“ or 50" C, 

Tiie otlier metals of t he platinum group are Palladium, Ithodium, 
Osmium, and Jtutheniuni. Tbeydiiler from gold, platinum, and 
iridium by tlie insolubility of their sulphides in a solution of 
sodium snljAhide. Palladium is distinguished by the iusoliihility 
of its iodide; a, ml Osmium by the volatility of its oxide on 
boiling wuth nitric acid. 


MEPCURY. 

Mercury occurs native and, occasionally, alloyed with gold 
or .silver in natural ainatgams; but its chief ore is the sulphide, 
seinnabar. It is comparatively rare, being mined for only in a few^ 
.districts. ]t is cliiefly used in the extiuction of gold and silver 
;lrom thcii’ ores (amalgamation) ; for silvering miiTors, Sic. 

Mercury forms two series of salts, mercurous and mercuric, 
but for the purposes of the assayer the most imporjl^int property 

■ ' * 100 c.c. of water dl.sfjolves 0.66 gram of the salt: it Is almost imiolobl# 
lilcohol 01 in solutions of ammonic chloridp.. 
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is the ease with wbicli it can be reduced to the metallic stAtO; 
from eitl lor of tliese. IM iTCury itself is solul)le in nitric acid^ forni- 
ing, when the acid is hot and strong, mercuric nitrate. Cinnabar 
is soluble only in aqua regia. Mercurous sall>s .are generally'; 
insol ul)le, atul Tnay be converted into mercuric salts by prolonged 
boiling with oxhlising agents (nitric acid or aqua regia). The' 
salts of iiKU'cnry are volatile, and, if heate^I with a reducing agent 
or some body capable of iixing the acid, metallic mercury is given 
oil', which may be condensed and collected. 

iMercuiy is s(q>:irat(‘d from its solutions by zinc or copper, oi» 
it may be tVirown down by stannous chloride, which, w'hen in 
excess, gives a grey pow«ler of metallic mercury, or, if dilute, a 
white crystalline precipitate of mercurous c))loritlo. Nitric axid 
solutions of mercury yiedd the 'metal on elo(‘trolysis ; and, if the 
pole on which the metal comes down be made of gold oj* copper, 
or is coaUMl with these, the sepanitt'd mercury will adhere tbei'eto. 
It may then bfi wa.slie(l anti w'cighed. 

The 1 test tests for mercury next to obtjuning globules of th^ 
metal are* (i) a black precififtitte wutli sulphuretted hydrogen 
from acid solutions, which is. insoluble in nitric acid; and (a) ft 
white precipitate witli stannous chloride. 


DRY METHOD, 

Weigh up 5 grams, if the ore is rich, or to grams, if a poorer 
mimu-al. Take a piece of combustion tube from i8 inches to 
2 feet long, closed at one end, and place in it some powdered 
magnesite, so as to fill it to a depth of 2 or 3 inches, and on that 
a layer of an equal quantity of powdered lime (not slaked). Mix 
the weigh(;d sample of ore in a mortar with 10 grams of finely' 
powdered lime and transfer to Jlhe tube ; rinse out the mortar 
with a little more lime, and add the rinsings. Cover with a- 
layer of six or seven inches more lime and a loosely fitting plug, 
of asbestos. Draw* out the tube before the blowpipe to the shape. 

shown in fig. 47, avoid", 

^ ^ ing the formation of^A 

m ridge or hollow at the 

B bend w'lrch might col< 

Pio. 47. l6ct tile inercuiy. Tap; 

gently, holding the tuhfe 

nearly horizontal, so as to allow sufficient space above the 
ture for the passage of the gases and vapoui-s which are fonn^ 
Place the tube in a tube furnace,” and, when in position, pl^s 
a small beaker of water so that it shall just close the opening^ 
the tube, the point of the tube should not more thai^ 
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ihe surface of the waf cr. Bring the tube gi’a.» 1 ual 1 y to a red boat, 
COxnm%ncing by boating the lime jtist beliind the asbestos plug, 
ajud travelling slowly bac;. .ards. When the portion of tlie tube 
containing the ore has been baited to rodiief?^s for some time the 
heat is carried ba(‘-k to tlie end of the tube, "he magnesite 
readily gives up carbonic acid, which fills the tube ....d swc(‘p.i tlie 
mercury vapour before it. Some of the mercury uill have di cjpjied 
into the Ixmker, end some will remain as drops {ulberin» to the 
npper part of riie nock. Wliilst the tube is still hot cia off the 
“neck of the tube just in front of the asbestos plug (a drop of 
water from the wash bottle will do this), and wash the mercur 
from the neck into the beaker. Tlie menmry easily collects init 
a globule, whiih must be transfen-cd, after decanting oifthe bulk 
of the water, to a weighed Berlin clucible. Tlie water is removed 
from the crucible, lirst by the help of filter paper, and then by 
exposing in a desiccator over sulphuric acid, where it should 
be loft until its weight remains conovant. It should not be 
warmed. 

Example 5 grams of an ore treated in this way gave 4.265 
grams of mercury, equivalent to 85.3 per cent. Bure cinnabar 
contains 86.2 per cent. 


WET KETHODS. 


Solidion . — Since solutions of chloride of mercury cannot be 
boiled without risk of loss,* nitric acid solutions should be used 
wherever possible. No mcrcury-containing minerals are inso- 
luble in acids ; but cinnabar requires aqua regia for solution. In 
dissolving this mineral nitric acid should be used, with just as 
touch hydrocLloric acid as will suffico to take it up. 

, To separate the mercury, pass sulphuretted hydrogen in con- 
riderable excess through the somewhat dilute solution. The 
Precipitate should be black, although it comes down at first very 
^ht coloured. It is filtered, washed, and transferred back to 
the beaker, and then digested with warm ammonic sulphide. 
The "residue, filtered, washed, and boiled with dilute nitric acid, 
will, in the absence of much lead, be pure mercuric sulphide. 
^ much lead is present, a portion may be precipitated as sulphate, 
put can be removed by washing with ammonic acetate. To get 
^ mercury into solution, cover with- nitric acid and a few drops 
iif hydrochloric, and warm till solution is effected. Dilute will* 
letter to 50 or 100 c.c. 


According to Fersonne mercmlo chloride is not Tolatilised irom boil* 
Motions when alkaline ohloiidea are preseni 
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GBAVIMETEIC DETEEMINATION. 

This may bo made by ekctrohffds. The siinie apparatus* as is 
used for t,lie electrolytic copper a.ssay may be employed, but 
instead of a cylinder of platinum one ait out of .sheet copper 
should be taken, or the platinum one may bo coated with an 
evenly deposited layer of copper. Fix the spiral and weij^hed 
eop])er cylinder in ])osition, couple up tJie bati.ery, and vhm ihi» 
has been done put the nitric acid solul-ion of the mercury in its 
place.* The student had better refer to the doscriplioii of the 
IClectroljitic Co'pper /Issu/y. 

The mercury comes down readily, and the procipitfitiou Is com- 
plete in a few hours : it is better to leave i(- ov('rnijj:ht to make 
sure of complete reduction. DLsconuect the uj>par.‘itiis, aixl wash 
the cylinder, first with cold water, then with aleoliol. l')ry by 
placing in the water oven for two or tliree minutes, (lool and 
wei^jfh: the iiicrciise in weight givt\s the amount of metallic 
mercury. 

It must be mnornbered th.'ji <.opi)erwill |'»’e<*i[)iiato mercui’y 
without the aid of the battery; but in tJ lis case copper wilb 
into solution ivith a cons(^juoijt loss in the weigjjt of the cylinto: 
this mu.st ho avoided by eonnectiiig the battery hefor(^, immers- 
ing the electrodes in the as.say solution. The eloetrolysed solu- 
tion should be tre.ated with an excess of ammonia,, when a blue 
coloration will indicate copper, in which case the electrolysis is 
unsatisfactory. With a little care this no(*,d not bap^eii. Gold 
cylinders may pnderahly ho used instead of copptu* ; but on 
platinum the deposit of mercury is grey and non-adherent, so 
that it cannot he Wiishcd and weighed. 

VOLUMETBIO METHODS. 

Several methods have been devised : for the dei/fiils of those the 
student is referred to Sutlonks “ Handbook of Volumetric Ana* 
lysis.” 

QI'IOTIONS. 

1. The Rjiecific prainty of mercury is 13.596. What volume would 

8 grams occupy ? 

2. If 3. 169 prams of cinnahar gave 2.718 prams of m(.rcii]ry, wliat would 

be the iicrcentapc of th(5 metal in the ore ^ 

3. Pour solution of mercuric chloride on mercury amt Cwtplain whi^ 

happens. 

4. On di.ssolvinpo.3 gram of mercury in hot riiric acid, and passing 

sulpharetted hydrogen in excess throUjjh the diluted solution, 

what weight of precipitate will be got ? 


* The solution should contain about 0.25 gram of m^nzyi and * !aiy< 
il^ess cf nitrkf acid must be avoided. 
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OnAPTEll X. 

COPPT??Il — LEAD -TTIALLIDM -BISMUTH - 
ANTIMONY. 

COPPER. 

Copper oocurB native in large quantities, especially m tlie Lake 
Supeinor aistrict ; in Oiis state it is generally pure. More 
frequently it is found in coinldnation. The ores oi copper may 
ha olsusscd as oxides and sulphides. The most abundant oxuliscd 
E^s are the carbonates, malacliito and chessylite ; the silicates, 
^ also the red and black oxides, occur less aim ndantly. All these 
yield their copper in soluliou on boiling with liydrochloric acid. 

The subihides are more abundant. Copper pyrites (or yellow 
ore), erubeseite (or purple ore), and chalcocite (or grey ore) are 
the most imiiortant. Iron pyiites generally carrms copper and 
is frccpiently associated with the above-mentioned minerals. These 

are all .atta‘eked by nitric acid. They nearly all contain a small 
quantity of organic matter, and frequently considerable quantities 
of lead, zinc, silver, gold, arsenic, bismuth, &c. 

The copper ores an*, often concentrated on the mine before 
being sent into the market, either by smelting, when the product 
Is a i’e"ulus or matte, or by a wet method of extraction, yielding 
cement copper or precipitsite. A regulus is a sulphide of copper 
and iron, carrying from 30 to 40 per cent, of copper. A precipi- 
tate, which is generally in the form of powder, consists mainly of 
metallic copper. Either regulus or precipitate may be readily 

dissolved in nitric acid. - .mi 

Copper foi’ms two classes of salts, cuprous and cupne. Ine 
former are pale coloured and of little importance to the assayer. 
' They are easily and completely converted into cupric by oxidising 
'agents. Cupric compounds are generally green or blue, and ar(* 
■loluble in ammonia, iorming deep blue solutions. 
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DRY ASSAY. 

Tljjit, for copper, next after those for pfoJd aiifl silver, bolds 
more important position than any otiior dry assay. I’he sale of 
co})per ores has been regulated almost solely in ilie past by assays. • 
niMde on the Cornish method. It is not pretended that tliisr'' 
method gives the actual content of copper, but it gives the pur- 
ciiasei- ail idea of the quantity and quality of the metal that can 
be got by smelting. The process is itself one of smelting on a 
small scale. As might be expeeted, however, the jussay produce 
and the smelting produce are not the same, there being a smaller . 
loss of copper in the smelting. The method bus worked very 
well, but when applied to the purchase of low class ores (from 
which tlio whole of the copjieu is extracted by wet methods) it is 
unsiitisfjietoiy. The following table, which embodies the results 
of several years’ experience with copper assays, shows the loss of ^ 
copper on ores of varying produce. The figures in the fourth 
column show how rapidly the proportion of copper lost increases 
as the percentage of copper the ore falls below 30 per ceub 
For mat-erial with more t ban 30 p^u cent, the proportion lost 
in inverse proportion to the <;»>pper present. 


LOSS OF COPPER. 


Copper present. 

Dry Assay. 

Margin. 

Loss on TOO Perte 
of Copjier. 

J’t'r cent. 

Per cent. 

Per cent. 


100 

98 

2.J 

2.0 

95 

924 

2*5 

2.0 

(JO 


2.6 

2.9 

85 

82*1 

2.6 

30 

80 

771 

2.6 

3*2 

75 

72 i 

2.6 

3.5 

70 

67i 

2.5 

5-6 

65 

624 

2.5 

3.8 1 

60 

57 ll 

2.4 

4.0 

55 

52I 

2.3 

4.2 

50 

471 

2.2 

4.4 

45 

43 

2.0 

4.5 

40 

38i 

1.8 

4.6 

. 35 

33i 

i»7 

4*8 I 

30 

284 

1.50 

50 

25 

23i 

1.50 

C.0 

20 

184 

1.56 

7.8 

iS 

164 

x-53 

8-5 

16 

144 

1.48 , 

9-3 

f *4 

I2| 

1.40 

10.0 


io| 

1-37 

"•4 

1 ' 

10 1 

8 

1 _j 

SI 

6i 1 

1.28 

I.I4 

12.8 




ooppm 

,038 0 » COri’J.R— fcOK/bi' a/). 

'77 

Crpficr jtremMit. 

')ry 

ilar/riri. 

1 IiO.‘s (HI I'xi Purtfi 
j ot e'(»|»i>- r. 

Per tent. 

PtT oonf. 

Per i'Pfil. 


6 

5 

1.05 

^75 

5 1 

A 

I.OO 

20,0 

4 

3 

1,00 

25.0 

5' 75 i 

2i 

0.97 

26.0 

3.50 1 

“t’fl 

0.91 

^7.0 

3 1 


O.OI 

28.0 

; (;u ; 


0. S7 

29.0 

' 

^ j 

J t«i 

0.i>2 \ 

30.0 

2 y; j 

li i 

0.77 

31,0 

2.. 15 1 

1 

i 0.72 1 

32.0 j 

2 ' 


0.66 1 

33 0 1 


Tilt* Ktiowii, tlio dry Jissay can bo calculaicd 

willi Ili'‘ lu ll) of lb- :dH>v<! table )»y dodudiiiir ibo anuniiit in ilio 
column liciukid “ inai '' oppoMto laio coi re.^pondinji: |HTC('iitM<;o. 
For oxjiiiipic, il' Uio I assay f^ivos :i produce of 17.12 pcrcoiit., 
tbmv should bo doduclc<l 1.5; the dry assay would tliou bo 15.62, 
or, -iuco iho fjaclioTis are alwa^’s expressed in oi^ldlis, 1 5-5. With 
impure os'O', coiita I nhij^ from 25 to 50 per cent, ot copper, the dd- 
foreooi's may !•<' peihaps ;} ^LTeater. 

\\\t methods are -radually replacing the dry assay, and it is 
probal’-lo llicl 111 tlm future Uiey will sujH'rsede. il ; for stock taking', 
and th(‘ v.inous ilrleriiiiiiations recpiired in sun’lling w'oi ksand ou 
mine-, Ih.ey are tjenerally ado]>ti>d, because tdiey ^.rive llie actual 
co[<p«u' t'onteiits, and since it. i.s obvious that, a knowded.i^e- of l.liis is 
uioi(' valuable to tlie minor and smelter. Moreover, tlio woikiu^ 
of ilio dry method has been monopolised by a small ring of 
assayers, with flie double result of exciting outside jealousy and, 
worse still, of retarding the development and improvtimerit of the 
process. 

The j)rinei{)al stages of the dry arc : (i) the eoneentration 
of the coppei‘iij a regains; (2) the .sepa.ration of the suli)hur by 
ealeining; (3) the rediietinn of the copper hy fusion ; and (4) the 
relining of the metal obtained. 

The whole of tliese o[)eraiioiis are not iieee.ssary wdtli all eopper 
material. Ores are woiinal Ihroiigh all the stagt;s ; w ill t mattes, 
tlie preliminary fusion for n*gulus is omitted ; preeijutates are 
simply fused for coarse copper, and refined ; ami blister or L>ar 
copper.s ar« refined, or, if very pin e, subjeet-ed meridy to washing. 

The quantity of ore generally taken is 400 grains, and is known 
as “a full trial” ; but for rich material, coiduainin^ more than 50 
per cent, of copper, “ a half trial,” or 200 grains, is used. 
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Fusion for Regulus. — Tlie oro (oitlior with or without a 
previous inipr‘1 h'ci l(» irot ri<] of siny t* of siilplmr) 

is v.ilh Ixn-iix, glass, lioji*, aiul floor spar; iiixl, in S'^ino 

casos, "wit]! nitiv, or iion ])yriti's, accDi-ding to tlio (juulity of tlie 
ore. 'ITio nii\luro i.-- ]tLK’<'d in a laigo Cornish crudhle, and 
lu‘a.lrsl as onifornily as p«*s.-ihio in llio wind furnaco, gradually 
raising the 1 i‘!tijH‘ial ui'o so as to molt, down the olairgo in from 
15 to 20 minulos. The crnoihlo is roiratvcid and its contents 
}xnnod into ‘in iron mould. NVImn tho hl:ig is solid, it is taken 
up wall and (]Ui‘n(‘lM‘d in water. ’^Plu* roguliis Is easily 

dolaolird tVom 1 ho slag. It sliould bo convex above and easily 
broken, ii;ue a leddisli lui.'wn eolonr, .and eotilairi from 40 to 
60 per rent, of eojiper. A regains willi more than this i.s ‘‘too 
fjni‘/’ and V, ith less “too co.ir c.” A rt'gulus wliicli is too {’.no 
is j’ound, eompad. hard, .and of a d.ak hluidi grey on tho 
fre-ldy laoktai surf.iee. A eoir>e regidus is Hat and eo.arse 
gimned, .and more ne.nly rcst*mble.s sidplnde of iron in fracture 
and eolonr. 

if an assay yields a regnhis “too eoar.se” a fresh determina- 
tion is in.‘.d.‘ wiidi iMore n;’re added, 01 tiie i ou."! in g is carried 
further. WlCi low d iNS ore'^. souievvhat ecais*' reg\i!us is an 
advautiigo. II, on (lie oilier liand, the r<‘<.a.ius is too tiiw, less 
nitre or le^s r.xmtliig is tlie remetly. With giey copper ores 
and (he oxidis' d ores, iron jiyrites is added. 

Calcining tho Rogulus. — It is ])owd(;red in an iron mortar 
and trunsfta'K'd to a ^mall Conn.sli eiaieiblc, or (if the roivsting is 
to be done in tne mnllle) to a roasting dish or scorifier. The 
cal<‘ining is carri'al out at a dull ri’d heat, which is gradually 
incri'ased. The charge requires constant stirring at first to pre- 
vent clotting, hut towards tho end it bi'comes sandy and 
requires lass attention. If tho temperature during calcination 
lias been too low 8id[ihates are formed, which are again n'ducod 
to suljihide.s in the suhserpient fusion. To prevent this tlie 
roast(‘d reguhis is recaleined at a higher temperature, after being 
rubbed up wuth a lililo anthracite. Tlie roasted substance must 
not smell of hurniiig sulphur when hot. It is practically a 
mixture of the oxides of copiuT and iron. 

Fusion for Coarse Copper.— The calcined regnlu.s is mixed 
with a Ilux coii.^istiiig of borax and carbonate v>f soda, with more 
or less tartar according to i(.s weight. Smne ass-ayers ” use 
botii tartar and iiiti’c, 1 he former of course being in excess. Tlie 
charge i.s returned to the erucihle in which ij -Nva-s calcined, and 
is melted down at a liigli temperature, and, as soon as tranquil, 
poured. Wheh solid it is quenched and tho button of metal 
separated. * 
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The is c and ^dassy. Tlio small <jii:in(ily of oopjior 
whioli ij rol 'lin." i r<vovorod l)y a sn!>so«jiici,r ‘‘ cioauiii;;',’’ lo- 
grL^or Will) i.in' f'-ari Uio jioxl- operation, 

TJi<‘ iKiM-on <if "(oat ' (oppor” ohlainoil nm.d bo free IVoin a 
foatiiiii of ivi^nhis. it. ^\lll \:iiy soniowhal. in ; pnearaiioo aororil 
iiiL^ !<• I ho n.tt.nrc and <|imnlll.y of lh(‘ iinpmiii 

P.''iiiniig tliO Coarso Copper. — The samo crticihle is put 
in i)io fci ii.too. do' n ihovu and uinler (ho croviet' ladwoeii 
tho [o\ o h: ioi ,, NViioii it lias altairio«l tlio louipor.< tire of the 
furl' It t; t iio . •, ]■ o t*. .[I 
poj‘ L'. th-o[>p. d Ill(o it 
anil the i'lii n ico oiovd. 

Tho ooppor uil) luoK 
almost at or-oo wilJi a 
dull StiihU't.. wll'oll 
alter a tiUio th ns, 
showing an *' oyt'.' jTio. 4^^. 

Some I't'iiiiing lltix is 

then .shot in from ilu* seoo}> (lig. 48). and, when the a.ss.ay i.s 
again ilind, ii is ]K>iired. Whoii cold tlu‘ hiitlou of iiiotal is 
fiejiaratt'd. 

The luUton of ‘*11110 ” coppm* is flat or jutted on its ujiper .sur- 
face, and is coated with a tliin orange him; it must have the 
appoaraiu‘0 oi giK.d oopjior. If it is ('ovorod with a. red or purple 
film, it is overdone or “ burnt.” Jf, on the othiT hand, it has a 
rough, dull apjioaraneo, it is not sulUcienily red nod. Assays 
that hav<5 been ‘•band" are rejected. Tho.se not sulTiciently 
fine .irv tivated as ‘* c.oai'se copjier,” and again put tJirough the 
refilling opcu'ation. 

Clcauing the Slags. — ^'Tnese are roughly powdered and 
re-fused with tartar, etc., as in the fu.sioii for coarse copper. The 
button of inet.d got is sepiarated (if big enough refined) and weighed. 

I’Jie details of the jiroeess are slightly varied by difleron 
iissayeis : the following wdll lie good practice for the student. 

Determination of Copper in Copper Pyrites. — Powder 
dry, and w'(‘igh up 20 grams of the ore. .Mix with 20 grams each 
of jiowdm-i'd lime and (luor, 15 grams oach of p>owderod glass and 
borax, and 5 or 10 gram.s of nitn. IVansfcr to a largo Cornish 
crucible and fuse, under a loose ciiver at a high temjieraturo Tor 
from 15 to 20 minutes. When fluiil and tranijuil jiour into a 
mould. When tlio slag has solidified, hut vvdiilst still hot, quench 
by dipjiing tw^o or three times in cold water. Avoid leaving it 
in the water vso long that it doijs not dry after reiuoval. AVhen 
cold sepaiuto the button, or perhajis buttons, of regulus by 
(oruTwbling the slag between the fingers. See that the slag is 
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fue from reguliia. It should bo light coloured when cold and 
very fluid when hot. lleject the slug. 

Powder flu* regulus in a mortar and transfer ton smnl! crucible. 
Calcines witli occnsional stirring, until no odour of siilphui'ous 
oxide cnri he delected. Rlialie back into the. mortar, rub up with 
about I gram of j)Owdei‘e<l autliraeite, and re-calcine for .o 
minute..‘=< longer. 

Mix the calcified r(*gulns wdth lo gi-ams of faiiar, 20 grams of 
Boda, and 3 griims of Ixtrax ; and replace in the ei’ueible used for 
calcining. ' Fuse, nt n bright red heat for to or 1 5 minutes, i ’our, 
W'hcn trnnquil. 

As soon as solid, quench in water, separate the button of eojtper, 
and save tlu‘ sing. 

To retine tlit' copper a very hot fire i.s w'aut.ed, aiid tl)o fuel 
nhould not be too low down in the. funinee. Place life crucible 
Well down in the tire and in the middle of the furnace. The same 
criicihle is used, or, if a new 6ne is taken, it must be gla/.ed with 
a litt le ])Oi‘ax. Wliou the crucihle is at a good red he.', t, above the 
fusing point of eo]qMT, drop theh att »n of copper uito it, utid close 
the furnace. Watch through (lu* crevifie, and, a.; s< on as the 
bnltoii has melted and aj)perj’s cl(‘nr s]iov»ing an eye, slioot in 10 
grams of refining flux, close the furijace, and, in a few minutes, 
pour; then separate the button of copjier. Ad<l the slag to that 
from tlie coarse copper fusion, and powder. Mix w’ith 5 grams of 
tiirtar, 0.5 gram of pow’dered charcoal, and 2 grmns of ,soda. 
Fu.se in the same crueible, and, when tranquil, iiour ; quench, 
and }iick out the prills of metal. 

If the. copper thus got from the slags ls C(»arse looking and 
largo in a.mount, it must be. refined ; but, if small in (jiiantity, it 
may be taken as four-Jiftbs copper. Tlie combined results multi - 
plied by five give the percenUige of copper. 

The relining flux is made by mixing 3 parts (by measure) 
of jioudered nitre, 2-^ of tartar, and i of salt. Put in a lai'ge 
crnciblt*, and stir with a red-hot iron until action has ceased. 
This operation should he carried out in a well-vciitilated sjiot. 

For pure ores iu which the copper is present, eitlior as metal 
or oxide, and free from sulphur, arsenic, &e., the ctmeentration of 
the copper in a regulus may be omitted, and the metal ohUiincd in 
H pure si, ate by a .single fusion.* Jt is neeessaiy to ge^ a fluid 
neutral slag with the addition of as small ;in .imount of flux 
as possible. Tlie fusion should be made at a high temperature, so 
as not to occupy more than from 20 to 25 mi luitis. Thirty grams 
of ore is take^ for a cliarge, mLxed with 20 grams of cream of 


|» “ Modem' Americftn Methods of Copper Smelting” (Dr, Teters). 
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tartar, atuJ lo each of t>oray and soda. Tf itie 

of the ore is ha'^ic, canying much oxide of ii*on or lime, 
silica IS added, in <jii; • -ity not exceeding lo grains. Tf, on the 
other iiand, the ganguc* is mainly quartz, oxide of ii'on up to 
7 grams must he a<lded. 

A’.rwrtp/c.— T\v(‘jity grams of copper pyrit known to con* 
tain 27.6 per e{ail. of copper, gave l)y the molhod first descrilied 
5.22 grams of eo]t]ier, equalling 26J per rent. Another sample of 
20 grams c.f tlio same ore, cakaned, fustal with 40 grams of nitre, 
a.ul w.udiLd u> ensure the removal of arsenic and sulphur, and 
treated aeeonling to Iho second metlu-d. gave a button wtMghing 
5.27 gvan»s, ef'ualling 26^ per cent. 'I’he ore contained a, con- 
sith r.ihle qiinotily oi lead. Lea'l renders the assay more difficult, 
siia( <iftei caJeination it remahis as lead sulphate, and in the 
fusion for coarse copper reap]>ears as a regu’as on the button. 

Tho Estimation of Moisture. Cornish ilry assayer 
very s(‘ldom makes a moi'^Uire »’•' termination, lie dries the 
samples by placing tlio pjqiers containing them on tho iron plate 
of the iurnaee, 

]t is well known that by buying the eo^ipor contents of pyrites 
by (ka’idih asray, Tiurniiig otf tli(‘ sulpbnr, and converting the 
copper info prceip’tale, a largo excess Ls obtained. 

NOTES ON THE VALUATION OF COPPER ORES. 

Cl()s('ly bound up with tlie practice of dry copper assaying is 
that of valuing a })areel of copper ore. Tlie methods by^ which tho 
valuation is mad<‘ have hee.ii described by Mr. Westmoreland,* 
and are briefly as follows The produce of the parcel is .settled 
by two assayers, one acting f(.r the buyer, the other for the seller; 
wiih the help, in ease of non -agreement, of a third, oi- referee, 
whose decision is linal. 'fhe dry assayers who do this are in most 
Citscs hcli)ed, and sometime.s, perhaps, controlled, by wet a.s8ays 
made for one or both of the parties in tlio tiunwiction. 

In the case of “ ticketing,” the parcels aro purchased by the 
snu'lt^ers by tender, and the value of any particular parcel is cal- 
culated from the average price jiaid, as follows : — Tho “ standard,” 
or absolute value of e^ieli ttm o** fine copper in tlie ore, is tho 
price the smeltiu-s have paid for it, plus the returning charges 
or cost of smelting the quantity of ore in which it is con- 
tained. The value of any particular pircel of ore is that of the 
qu.antity of fine copper it contaims, calculated on this standard, 
mimiy the rolurniiig charge.s. The ton consists 21 cwts., and 

* “ Journal ot the Society of Chnmioal Industry,” voL y. No. 2. 
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t is assumed tliat the “ settled ” produce is the actiial yield of 
;he ore. 

Jf at a tickelin^^ in Cornwall 985 tons of ore contairiiri^ 63.3 
,ons of line copjuir (by dry a.^.say) brou_f;}it ;/,'259i 12s., the 
a,and;U‘d would he I5«. 'J'his is calculated as follows: — 

The returiiiijjL? chaj-^^e is ti\( d at 55.V. per t<jn (.f <*ie. 'Phis on 985 
^ons will amount to ;^2 7o<S 155. Add thi^ io tiie actual price 
laid, and tliere is got value of the line copper 

iresent. The weight of copper in tlu>e 985 tons being 63.3 tons, 
1)0 standard is /^5300-;- 63.3, or ^83 i3.s\ (nearly). 

The value of a jiaivel of 150 tons of a 6 ptn- eeui, ere on the 
«imo standard would be airived at as follows: 'llie 130 tons at 
) per cent . would contain 9 tons (i 50 x 6 4- looj of tiiu‘ cop| ler. This, 

£^3 IS'*''- would give 3^753 15.V. Prom this jiinst bo 

ledu(‘ted (be returning charges on 150 tons of ore at 351S'. jmt 
/Oil, or ^412 io«. Tills leaves ;^34i 5s. a., iho value of tlio 
:iarcel. 

At Swansea the returning cnarge is less than in < 'nrnvall, and 
iraries ■with the quality of the or*, appeal'' eenit.ible, siiieo 
Ji smelting tiiere are some costs whicn are dep< r..l"'it simply on 
die number of tons treated, an.] others viiieh increase with" the 
dchness. Tlio returning chaige then is made u]) of two ])arts, 
me lix('d at so inuch (12s. 2(/.) ])er ton of ore tj'eated, and the 
ithei* so much (3.V. ()d.} per unit of met'd in tlie ore. In this way 
ihe returning charge on a ton of ore of SJ jirodncc would bo 
128. 2(1. + (85 X 3s g(l,\ or 5,v. 

If, fi'i* (example, hdiili bai's, conlaiiiing 96 per cent, of eo’pper, 
ming per ton, the si-andard is ^1^71 9^?. .//. It is got at in 
Ills way. T’he returning chaige on a 96 per (*mit, ore is 
12s. 2d. + (96 X 3, s’. or j^,T8 12.V. 2d. This adiled to ^50 gives 

;^68 i2fl. 2.7., and this multi[)liod hy 100 and divided by 96 (100 
ions of the b.irs will contain 9O tons of line copper) will gi\'e 

9«. 4u!. 

The {.rice of loo totw of jiyrit<.s, eoiitiiimng 2J pev cent, ot 
copper by dry assay, would be gf>t on Ibis standarii as follows : — 
The jiarcel of oi-e vouM contain 2\ tons of copper. This multi- 
plied by the .standard gives ^t6o ib**. od. ITom this nutst lie 
iedi'-rted the returning charge, whii li hu' i ton of ore of this pro- 
duce would be i2fl. 2d. + (2J y 3.^. 9</.) or jTi os. yl , and on the 
100 tons is £jo2 I 8s. 47. Tliis would h‘a.vo io 7 . as 

the price of the p.avcel, 01 i is. 77. jH>r ton. ’.I i i.s would be on the 
standard returning ciiarge of 45.<i. (for 8f per cent, ore); if a 
imaller returning charge ivas agreed on, say 38s,, the dillerenoe 
in this case, would be adiled to tlie price per ton. 



COPPEE. 


•^3 


WET METHODS. 

Tlie solubility of tlie ures of c(»]nu*r in arid h.is already been 
described, but ceidain furnace prculucts, sucli slags, are bcK-^l 
opened uj) by fusion with fusioji mixture and . niti-p. 

The method of dissolving varies with the nature of the ore 
With 5 grams of jiyrites, a single evaporation ’vith 20 c.c. of 
nitiic acid will give a rcMduo com[>letely soluble in 30 c.c. of 
hydrochloric acid. If the ore carries oxide of iron or similar 
bodies, these are first <lissolve‘l up by boiling with 20 c.c. of 
bydrocldofic acid, and tliO rchiiluo att.-icked by an addition of 
5 c.c*. of nitric. When silieates ilecompo.sahlo by acid ar(‘ ]>r(‘sent, 
the solution is cvaporaled to dryness lo renib'i’ tbe silica inso- 
luble; the residue extracted with 30 c.c. of hydrocbloric acid, and 
diluted with water to 150 c.c. It is advisalde to have the copper 
in solution as chloride. To separate Mie copj>er, IkmL the solution 
nearly to boiling (best in a pint flask), and }>a.-.s a rapid cummt 
of S(djdiurettft<l hydrogen for four or five minutes until the pre- 
ciint ate settles readily and the liquid smells ot tlie gas. When 
iron is presimt it wall he reduc(*d to the foiT( 3 us static before the 
copiKT sulphide begins to separate. Tlie coppiT .a]>pears as 
a brown coloration or black yirccipitate according to the (pian- 
tity pi'osent. Eilter through a coarse filter, 'wash willi hot waiter 
containing sulphun'tted hydrogen, if necessary. Wash the pre- 
cipitate back into the fia.i, boil wdth 10 c.c. of nitric acitl, add 
soda till alkaline, and pass sulphuretted hydrogen again. Warm 
and filter, waish and redis.solvo in nitric aci.l, neiitraliso with 
ammonia, add ammonic carbonate, boil and liiter. The copper 
freed from impurities wn'll be in tlio solution. Aci«lnlate and 
reprecipitate with sulphureited hydrogen. When tlie nat.ure 
of the impurities wall allow it, this proce.ss may he shortened to 
first filtering off the gangue, then precipitating 'with sulphuretted 
hydrogen and washing tlie precipitate on the filter first with 
water and then with ammonium sulphide. 

Having separated the copper as sulphide, its weight is deter- 
mined as follows. Dry and transfer to a w^eighed porcelain cru- 
cible, mix with a little pure sulphur, and ignite at a red heat for 
5 or 10 minutes in a current of hydrogen. Allow to cool while 
the hydrogen is still passing. Weigh. The subsulphide of 
copper thus obtained contains 79.85 ])er cent, of copper ; it is a 
greyish-black crystalline mass, which loses no weight on ignition 
if air is excluded. 

Copjier may bo separated from its solutions by means of sodium 
hyposulphite. The solution is freed from hydrochloric and 
nitric acids by evaporation with sulphuric acid ; diluted to aLout 
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11 (jUfirtor of a liiro ; iK'ated iK^arly to boiliiii,' ; and treal(‘d with a 
hot solution of sodium Iiyposulphito (mhlod a little at a tfiiu*) 
until tlu^ |u'(‘t'ijutate set lies and leaves the soIuli<»n fn'e from 
colour. The solution contains suspended sulphur. ddio jire- 
cipitate is easily washed, and under the jiroper conditions ihc 
separation is complete, hut the separation with snlpliuietted 
liydro^eii is more satisfactory, since the comlitions jus to acidity, 
* 4 :c., need not he so exact. 

Zinc or iron is sometimes u.sed for separating copper from its 
solutions, but they are not to ]>e n nmciided. 

ELECTROLYTIC ASSAY. 

The separation of coppeu- 1 >y meanh of a current of electricity 
is hugely made uw' of, ami forms the basis of the most sati.s- 
fiictory method for tlio dolerminutioii of this im.-ial. If the wire 
closing an eU'i'trie circu'it be broken, and the two ends immersed 
in a Ix'aker of u<'idulaied wat;*:* or .solution of any ^alt, the 
elect i‘icity will pass through tl.e ii.j thi, hringU'g .ilnrat some re- 
maj-kalde cliaiigrs. Ilydrogci. and the metals u 111 he liberated 
around tliat paid of the wire connec.ed with the zijic end of the 
battery, and oxygen, chloi'ine, and tlio acid radic.ils will be set 
free around the other. Ihllemit met.als are deposited in (his 
way 'vith varying <legrees of ease, and wlicther or not any ])ar- 
ticiiiar metal will be dcpo.^itod depend.s — (i) on the conditions of 
the jsolutitm as reg.ards acid and othei* .substatices jiresent, and 
{2) on tlui iiiten^Ujj of the curremt of electricity ^^^ed. For 
unalyiical pi]rpo.ses the metal slioidd be deposited not only free 
l'r<;TTi the oth(T metals present, Imt also as a firm colierent film, 
whicli may afl.crward.s be manipulated •without fear of Joss. This 
is, in the case of eojtper and many other metals, eH'ccted by a 
simple control of the condition, s. It is m‘ce.s^iry that the elec- 
trodes, or wires which bring the (dectricity into tlto solution, 
should ])e made of a material to whicli the dejiosited metal wall 
adliere, and which will not he attacked by substances oi-iginaily 
present or .set. free in the sohition. They are generally m.ado of 
platinum. Tlicj’e are various arrangements of apparatus used 
for tliis purpose, but the following plan and im'ihod of working 
is simple and elVoctive, and has been in daily usm with very satis- 
’a(;toiy resr.lts for the last five 01 six years. 

The battery used is made up of two D.uiiidl cells, coiijded up 
.or intensity as shown in fig. 49- that is, with the coppeu* of one 
connected with the zinc of the other. For eight or ten a.ssjiys 
daily the quart size should be used, but for four or five two pint 
cells will 1^ sufiicient 
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The out(T })ol of ea. 1. o<4l is iii;u]e of sheet copper, and mast 
be cleart ami free from > olih-r obi the inside. Jt is provided near 
the top u'itl) a perforate , copper 
slielf in tli(' sha])e of a riniJJ, into 
which the inner (a' porous cell loosely 
fits. U is cljarired willi a saturate*! 
solution of eoftper sulplrite, and 
cry.vtals of t]\is saU. nnu-^t bo add(‘d, 
and always liepf in excess. When 
11 h‘ l):Lttery is at work copper is 
bel ]•,<:; (Icpo.'.ited on the inner surface 
of tliia pot. 

Tlie i]iiier or porous pot contains Fig. 49. 

ties zinc rod, a ml is char'^ed with a 

dilute acid, mmie Iw diluting one volume of sulphuric acid up 
to ten ^wth w.Uer. The object of the porous pot is to pre- 
V(mt (he mixing of llie ec.id and coppiT snl])h:ite solutions, with- 
out interrupting the flow of electrieity. Tlie copper sulphate 
^,o]utiorl will la.^t. for months, but the acid must be emptied out 
and irclairgod daily. 

^riie zinc Jink, must ])0 well amalgamated by ruhbitig with 
mercury uiuhu- dilute aci*l until they show a uniformly briglit 
siij-faee. They shoiild not produc<‘ a brisk etlerveseence \\lien 
placed in the acid in tlie i)orou.s pot before coupling up. 

The battery when working is apt to become dii*ty from the 
**creej)ing” of the cop]ier and zinc siilpbale solution. It must 
be kept away from the working bench, and is best kept in a box 
on tlu! door. 

T'lie connection of the battery with, and tho fixing of, the 
electrodes may be made by any suitable arrangimient, but the 
following is a very convenient plan. Tlie wire from tho zinc is 
conneeU'd by menus of a binding screw with a piece of stout 
copper wire, whiidi, at a distance Kiiflicieiiily grt^at to allo\y of 
easy coupling with the battery, is led along the back of a piece 
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(iT lijinl vvoo<]# This i*, fixrd liori/.oiit.illy about ono f(»t abovt 
tl.e wojlvin^' boncli, 'I'iio goiieral jiiT;!irj:(.’iuoiit is shown in 
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li". 50, in wliiuli, liowwor, for tlio sako of oponomy of spaco, the 
battery is plactaJ on tlie woiking bencli instead of on the iloor. 



I Fig. 53. 

The piece ef wood is one incli sejuare and three or four feet long. 
It is perforated from front, to back at distances of six inches by a 
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iiunibcr of small boi in arc in.serl.ed screws like tliai 

shown'iii lig. 51. are known as “terminals/’ and may 

be obtained of any e](‘c ;ician. The bead of 'eaeb screw is 
Bobb'red to the wire mentioned above as running along tbe back 
and as ludiig connccic'd with tbe zinc end of tbe • 'ery. Tliesc 
terminals serve to li.\ tbe elecir«tdes on wbb’li tlie »t>p])(a‘ is to be 
de[»osited. d’lie wir(' from llio cojgu'r end of tbe batieiy is 
similarly c<a'nectc'l by a eonnecling screw' (fig. 52) with anotbei* 
(l[ in fig. 57), wiiicli runs along tbe toj) of tbe rod and bin 
soldered to it, at dislanccs of six inebes, cylindrical spirals ol 
cojiper wire. Those siioiild project from tbe rod at points about 
half-Avay bctAvi‘c:i tbe ttrminal.s already described. 1 ’bey may 
be made by Avr.ipping copper wire around a black-lead pencil for 
a lengtli cf a.lioul lb tee inches. 

Tbe I’od is ptai'orated from lop to bollotn wilb a series f)f small 
holes, om* in ad sauce of each t»*rminal but as near it as possible. 
Into tlu'so short paav'. of glass tube are inserted lo ensure insii- 
Ittion. 'J’licse i'(‘C('iv(‘ tiie other electrodes, which are connected 
W’itli tbe wire k'adbig to the (;op]»cr end of tbe Ua.ttery, tbrotjgb 
the Kjar.ils, with tln^ lu lp of a binding .scrcw\ The figure will 
make this clear. (Fig. 53.) 

Tlio electrodes consist of a ])latiiuim spiral and cylinder. 
The spiral sboidd have the sbapo 
shown in A, tig. 54. "When in 
w'ork it is passed tbroiigli one of 
tbe boles fitted Avith gla.ss f.ubesand 
connected w'itli the copper «}nd of 
the battery. Tbe tbickness of fbe 
wire of which it is made is un 
important, })rovided it is stor 
enough to kecj> its form and docs 
not easily bend. Tbe spinal will 
weigh about 8 grams. Tbe cylin- 
der ( 0 , fig, 54) will AA’cigb about 
12 grams. Jt should Jiave the 
6ba])e shown in the figure. In 
working it is clamped to one of 
tbe terminals, and on it the copper 
is iieposited. A cylinder wifi serve 
.for the deposition of from i to 1.5 
gi’am of copper. It is made by 
rivelting a square piece of foil on " Fio. 5^ 

to a stiff piece of wire, and then 

bending into sbaj)e f)ver a glass tube or piece of rounded wood 
Each cylinder carries a distinctive number, and is marked by im* 
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prossin" IiomaTi numerals on ilie foil with the blade of a knife. 
Tlio weight of eiieli is (iarofiilly taken and roeorde<l. They lose 
slightly in wtiight when in use, but the loss is uniform, and 
avemges half a milligram per month when in daily use. The 
cylinders are cleam'd from depo.sitcd coi>per by dissolving off 
with nitric add and washing with water ; and from grease by 
igniting. 

The beakers, to contain tlie solution of copper to be electro- 
lysed, are ordinaiy tall beakers of about 200 c.c. capacity, and 
are marked off* at 100 c.c. and 150 c.c. Tliey are supported on 
movable stands, consisting of wooden bltK-ks about six inches high 
and three iiiehes across. The bar of wood wbicb carries the 
connecting wires and electrodes is permanently fixed over the 
working bench, at such a heiglit that, w'ith the l.)eakers resting on 
these blocks, the elecitrodes shall bo in position for w’orking. 

To fix the electrodes t^ the rod, remove the stand and b(‘aker 
and pass the long limb of the s}»iral up tlirough one of the 
glass tubes. Oouiioct it wit^h the IVee end of the copper spi^ 
by meaiiJ of a (^onnectiTig screw (fig. 52), and then draw out iliaid" 
bend the copper spiral so thab the platinum one may hangfreSefy. 
S(;revv the wire of the cylinder to the tormin.tl, and, if iwipessary, 
bend it so that the cylinder itself may be brought to encircle the 
rod of the .spiral in the manner shown in fig. 53. 

The general method of working is as follovrs : — The (juan- 
tity of ore to be iakeri for sm assay varies with the ricliness of 
the ore, as is shown in the following table ^ 

Vcrcontape of Copper Ouant it y of Or« 

in the Ore. to be taken. 


I to 5 
5 to 10 
10 1 o 30 
30 to 50 
50 to 100 


5 grams 
3 » 

*•5 H 


le weigliod quantity of ore is dissolved by evaporating with 
Sic acid and taking up with hydrochloric, as already described. 
Any coloured j'esidue which may be left is generally organic 
matter : it is filtered off, cAlcinod, and any copper it contains is 
estimated coloiimetrically. Nearly always, howjver, tho residue 
is white and sandy. The copper is separated from the solutip;a^ 
as sulphide by means of a rapid current of sulphuretted hydrq|^,-* 
' The liquid is decanted off through a liltoi-, tlio precipitate washed 
once with hot water and then rinsed batk into the flask (the 
filter papei^ being opened out) with a jet of water from a wash 
bottle. Fifteen c.c. of nitric acid are added to the contents of the 
Idask, which ore then briskly boiled until the bulk is reduced to 
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less than 10 c.c. The boiling down is carried out in a cupboard 
free from cold draugb.’.s, so as to provent tho condensation of 
acid and steum in the neck of tho dusk. Twenty c.c. of water 
are next added, and the sobition is warmed, and hltered into one 
of tho beakers for electrolysis. The iiltrate and washings are 
diluted with water to the 100 c.c. mark, and tlui sf hition is then 
ready for ])attoi‘y. It must not contain moi\, than 10 per 
cent, by volume of nitric acid. 

The nuiuhiT arul weight of the platinum cylinder havint* btion 
recorded, both electrodes are fixed in position and the wooden 
block removed from under them. Tlie beaker containing tho 
cojiper solution is then hroiigld up into its place with one hand, 
and the block » eplacod with tlie other so as to support it. All 
the assays having been got into position, the coimeeiing wdres 
are joined to the battery. If everything is right buhbh^s of 
oxygen at oiic(^ sti’eam olF from the spiral, a^id tho cylinder 
becomes tarnislied by a dc^Josit of cf»j>per. If tho oxygen comes 
oft‘ but no eo})pcr is deposited, it is because tho assay solution 
contains too much nitric acid. If no action whatever takes place, 
it is because tlie current is not passing. In this case examine 
the connections to see that they are eU'an and secure, and the 
connecting wires to sec that they are not touchijig each otlier. 

The action is allowed to go on for sixteen or seventeen hours, 
so that it is l)est to let the current act over-night. In the moin- 
ing the solutions will appear colourless, and a slow stream of 
oxygen wdll still be coming ofl' from tlie spiral. 

A wjusli-liottle with c<tld di.siihed water and two beakers, one 
with distilled water and the otJier with alt;ohol, are got ready. 
The block is then removed, tho spiral loo.::enod and lowej'ed with 
tho beaker. The cylinder is next detached and washed with a 
stream of water from the wash-bottle, the wrashings being added 
to the oiiginal solution. Tho current from the battery is not 
stopped until all the cylindci's are washed. After being dipped 
in the be«aker of water and once or twice in that with the alcohol, 
it is dried in the water-oven for about three minutes, and then 
weighed. Tlie increase in weight is duo to deposited copper. 
This sliould be salmon-red in colour, satin-like or crystalline in 
appearance, and in an even coherent deposit, not removed by 
rubbing. It is permanent in air when dry, but sulphuretted 
hydrogen quickly tarnishes it, producing coloured films. With 
,-^res containing even very small proportions of bismuth, the 
deposited copper has a dark grey colour, and when much of this 
metal is present the copper is coated with a grey shaggy deposit. 

It still remains to determine any copper left undepeftited in the 
IK>lutiou. This does not generally exceed four or five milligrams, 
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ainl is estimated coleriinetrically. Thirty c.c. of dilute ammonfa 
(ojie of strong ammonia mixed with one of watCT’) are added to 
the eleetrolysed solution, wliieh is then diluted up to the *150 c.c, 
mark with water. U is mixed, using tlje sjural as stirrer, and, 
after standing a few minutes to allow tiu* precipitate to settle, 
100 c.c. of it are hltcrofl off through a dry idl er for tlio (xdoii- 
metric determination. Since only two-thirds of tlio solution are" 
taken for this, the (piantity of (^of>per found must be incrciised by 
one-liiilf to get tlie <(U:intity actually present. 

The colorimotric determination may be made in tbo man- 
ner described under that head, but where a iiutn))er of assays are 
b<Mng (iarried out it is more convenient to have 
a s(!ries of standard phials containing known 
amounts of copper in ammoni;mal solution. By 
conij)aring fhe measured volume of th(5 assay 
solid ion with those, the amount ol copper pre- 
sent is (h^tcvmined at a. glance. These standard 
bottles, uow'cver, can only be economically used 
whe.re a large iiumb(‘r of jussjiys are being inad^ 
daily. 

.A convenient plan is to get a quonti 
white glasi^ foiu*-ounce phials, like t.liat in fig, 55, 
and to label them so that they shall contain 100 c.c. 
when filled up to ilie botioin of the labels. The 
labels should be rendered jierinanimt by coating 
with wax, and be marked with numbers indiciiting the milligrams 
of copper present. The bottles an^ stopped with new clean corks, 
and contain, in addition to the speciiied quantity of copper, 6 c.c. 
of nitric acid and 10 c.c. of strong ammonia, with sullicient water 
to make up the bulk to 100 c.c. The copper is best added by 
ninning in the requisite amount of a stiindard solution of copper,, 
each c.c. of which contains 0,001 gmm of the metal. 

TJio standard bottles should be refilled once every three or four 
months, since their colorimetric value becomes slowly less on 
keeping. The following determinations of a set which had been 
in use for three months will illustrate this. The figures indicate 
milligrtuns of copper in 100 c.c. : the first rj>w gi\'es the nominal 
and the second row the actual coloi-imetric value of the standards. 
The diflerence between the two shows tho deterioration, 

123468 10 12 14 

* * 3 3-7 5-5 7.5 9 II 13 

The amount of copper in the assay is got by increasing 
found colcfi'imetrically by one-half and adding to that found on 
the platinmn cylinder. The percentage is calculated in the 





way* The following examples will illusiraie this, as well as the 
method of locording the work in tho laboratory book : — 


— 

Cyliiiflor I. t t’u . 
Cylinder I. . 

• 9 -.S 4 IO 

. 9.5170 

By colour 1 00 c.c. = 0.00 1 5 ) 

0 0007 J ’ 

0.1 ’|0 

, . 0.0022 

0.0022 

IX. Sample. Took 5 giams. 

0.0262 

Copper - 0.52 7 « 

(Minder VJ. + Cu 
Cylinder VI. . 

. 10.5705 

. 100437 

By colour, 100 c.c. =0.0070) 

0.003s J 

0.5268 

0.0105 

0.0105 

Matr.e, No. 1070. Took 1.5 gram. 

0-5373 

Copper = 35.82 7 . 

Cylinder XI TI.+Cu . 
Cylinder Xlll. . 

• . 12.0352 

. . 11.0405 

By colour 100 c.c. =0.0005) 

0.0002 > 

0.9947 

. . 0.0007 

0.0007 0-9954 

X. Sample, Cake copper. Took 1.0053 cram. 

Copper = 99.00 7, 


In the electrolytic assay of metals, alloys, precipitates, and 
other bodies rich in copper, the preliminary separation of the 
copper by sulphuretted hydrogen is unne(!essary. It is sufficient 
to dissolve the weighed sample in lo c.c. of nitric acid, boil off 
nitrous fumes, dUuto to loo c.c. with water, and then electrolyse. 

General ConBiderations,-— In the preliminary work with the 
copper sulphide there is a small loss owing to its imperfect removal 
in washing the filter paper, and another small loss in dissolving 
nitric sicid owing to the retention of particles in the fused 
jljlobules of sulphur. To determine, its amount the filter-papers 
;imd sulphur wore collected from forty assays, and the copper in 
l^hem determined. The average amount of copper in jach assay 
ww 0.175 gram; that left on the filter paper was 0.00067 gram; 
tnd that retained by the sulphur 0.0000^ gram ; thus shewing an 
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ftvera;^o.lof^ from both sources of 0.00070 gram. The determina- 
tions from anotlier lot of forty-two similar assays gave on an 
'iverage * 

(’oppor left on filter paper . • • > 0.00070 gram 

Copj)(!r retained by sulphur .... 0.00004 „ 

The loss from these sources is trifling, and need only be con- 
sidcTed when great accuracy is required. 

The deposition of the copper under the conditions given is 
satisfactory, but, as already stated, if the solution contain more 
than 10 y)er cent, of nitric ticid it is not thrown down at all j or 
if a stronger current is used, say that from three Bunsen cells, it 
will 1)0 precipitated in an arborescent brittle form, ill adapted for 
weighing. It may he noted here that incre-asing the si/.o of the 
cells does not nec(‘ssarily increase the intensity of the current. 

In two dctemiiiuitions on pure electrotype copper the following 
results were obtained ; — 


Cf'ppor Takeiv VonwA, 

o i?9S8 gram 0.8985 gram 

0.8J0S „ 0.8303 

The pr3senco of salts of ammonia, »tc., somewhat retards the 
deposition, hut has no other ill etlecu 

The organic matter gent'rally p-esent in copper ores interferes 
more especially in the colorimetric detormination of tlie residual 
copper. It can be detected on dissolving tbo ore as a light 
black residue insoluble in nitric acid. It is filter ed off at once, 
or, if only present in small amount, it is e.arricd on in the ovdi- 
naiy process of the assjiy and sejiar’^.ted in the last tiltration 
before electrolysis. 

The following expeiimonts were made to test, tlie eflect of the 
presence of salts of for’eign metals in the solution duriug the 
precipitation of copper by electrolysis : — 
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topper 'I'ttkftii, 

uihi-r Addiul. 

C«>ppor Found. 

0.1040 g 

am 

0. Kx. . 

>7 am 

of cadmium j 

0. 1052 

0. 1009 

If 

0. 1 300 


zinc 

0.1017 

0. 1014 

» 

0. HUjO 

» 

nil kcl 

0. 1 007 

0.1070 

« 

C. \.JOO 


iron 

o.1(jS9 . 

0.J054 


C'. 1 1 )uo 

f* 

cliromiuin {(>,/),) 

0.1035 1 

0.J034 

»» 

0 . io(X) 

ft 

„ (K,trOJ 

C.IOIC 

0.J075 

n 

0. lO'O 

ft 

aluminium 

0. 1078 

O.IOIO 

»» 

0 . looo 


mangam'se 

0.0980 


It will bo SOOT) from these lli;\t UKToury, silver, and bismuth 
ai-e the only metals wliieh are preeipitablc** along with the e()]>pcr 
iirnh'r the (‘onditions of (he assay, Merc’jjy, which if present 
would inU'rl'ere, is s(‘]tai“iled beeftuso of the insohibility of its 
sul]>hide in niti'ie acid. 

iJisiiml-h is pivciijit.itcd only after the main portion of the 
copper is thrown down. It rendvu*^, t ’..3 copper obviously unsuit- 
able for w'oighbig. It darkims, or forms a greyish coating on, 
the copper; and thi.s darkening is a delicate test for bismuth. 
In assaying orc-s containing about three and a half per cent, of 
coppei', and known to contain bismuth in (jiuuitities scarcely 
detectable in or<limiry analysis, the metal deposited was distinctly 
grepsh in colour, and would not be mistaken for pure coppei*. 
Ten grains of this imjmix) copper wore collected and analysed, 
with the following results; — 


Copper . 
IJismuth 
Iron 
Arsenic 


99.46 per cent. 
00.30 „ 

00.14 „ 

00.10 n 


100.00 


The quantity of copper got in each assay was 0.175 
consequently the bLsinuth aver.iged 0.00053 gram. 

To separate the bismuth in such a case tlie deposit is dis- 
solved oil’ by w^arming it in the oiiginal solution. The bismuth 
is precipitated by the addition of ammonic carbonate, and the 
-sdution, after filtering and acidifying with nitric acid, is re- 
^ electrolysed. 

Determination of Copper in Commercial Copper. — TaJke 
fi’om I to 1.5 gram, weigh carefully, and transfer to a beaker; 
"add 20 C.C. of water and 10 c.c. of nitric acid ; cover with a clock 

* Lead when present is precipitated on the spiral in the form of a dark 
powder of di-oxide (PbO,). Manganese is also thrown dow% on the spiral 
as di-oxide (MnO,), the solution at the same time becomes violet from the 
formation of permanganic acid 

N 
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glass, and allow to dissolve with moderate action ; boil off nitroul 
fumes, dilute to lOo c,c., and elw^troly^. The cylinder mi>.it bo 
carefully weighed, and the electrolysis allowed to proceed for 
24 hours. The weight found will bo that of the copper aud silver. 
The silver in it must he determined* and deducted. 

Detormination of Copper in Brass, German Silver, ot 
Bronze. — Treat in the same manner as commercial copper. If 
nickel is i)vesent, the few milligrams of copper remaining in the 
electrolysed solution should be separated with sulphuretted 
hydrogen, the precipitated sulphide dissolved in nitric acid, and 
determined colorimetrically. 

VOLUMETEIC PEOCESSES. 

There are two of these in use, one based on tlie decolorising 
effect of potassic cyanide upon an ammonia<;al cupper solution, and 
the other upon the measurement of the quantity of iodine 
liberated from potassic iodide by the copper salt. The cyanide 
process is the more gonerallj^i-ised, and when carefully worked, 
“on certain understood and f»rthodox conditions,’ yitslds good 
results; but probably there is no method of assaying where a 
slight deviation from these conditions so surely le^ids to error. 
An operator has no difficulty in getting concor dant re.sults with 
duplicate asstiys; yet different assayers, working, without bias, ^ 
the same material, get results uniformly higher or lower;Sm 
difference evidently due to variations in the mode of worEng. 
Where a large number of results are wanted quickly it it a very 
convenient method. The iodide process is very satisfactoiy when 
worked under the proper conditions. 


CYANIDE METHOD. 


The process is based upon the facta — (i) that when ammonm ia 
added in excess to a solution containing cupric salts, ammoniacal 
copper compounds are formed which give to the solution a deep 
^lue colour; and (2) that when potassic cyanide is .added in suffi- 
cient quantity to such a solution the colour is removed, double 
cyanides of copper and potassium or ammonium being formed.1 
In the explanation genei-ally given the formation of cuprous eg 
anide is supposed +; but in prac*tice it is found that one part ^ 
■copper requires rather more than four parts of cyanide, whki 
agrees with the former, rather than the laiter, explanation. 


See the method given under ExamincAim of Commercial Coj^per, 

CuSO. •4^4KCy = 2K0y.0u0y, + K^SQ^. 

aCuSi, + 3KCy Am^O - Cu^Cy, + Am, SO* -#K.SO. + KOyO. 
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Boliance on the a?,curacy of the process cannot rest n]x>n tho 
Bupposition that the cyanide rcqnii-ed for decoloration ia propor- 
tional to the copper present, for varying quantities of ammonia 
salts, ammonia and water, and differences of temperature have an 
impoii-ant effect. Tho results are coricordaiu lud exact only 
when tho cyanide is standardised under the same conditions as it 
\s used. It Ls best to Jiave the assay solution and that used for 
jtandardising as nearly as possible alike, and to tifcratcj tho two 
solutions side by side. This dcunands an approximate knowledge 
of tlje quantity of coj)per contained in tho ore and a separation 
of the bulk of tho impurities. 

^ For the titration thei e is nujuired a standard solution of potas- 
sium cyanide m.'ule by dissolving 42 grams of the salt, known to 
deal(Tsas J’okissium Cyanide (Cold), in water end diluting to one 
litre: too c.c. of tl)is will be about equivalent to one gram of 
copper. For poor ores the solution nay conveniently be made 
half this strength. 

The solution of the ore and the separation of the copper as sul- 
phide are effected in the same ways as have heenalreaily described 
for electrolysis. Similarly, too, the sulphide is attacked with 
1 5 c.c, of nitric acid and the assay boiled down to 1 0 c.c. Add 20 c.c. 
of water and warm, filter into a pint flask, wash well with water, 
and dilute to about 150 c,c. ; add 30 c.c. of dilute ammonia, and 
cool. 

Prepare a sttindard by dissolving a quantity of electrotype 
copper (judged to be about the same as that contained in tka 
assay) in 20 c.c. of water and 10 c.c. of nitric acid, boil off the 
nitrous fumes, and dilute to 150 cjc, : add 30 c.c. of dilute 
ammonia and cool. 

Fill a burette with the standard cyanide solution. The burette 
with syphon an’angeraent, figured on page 52, is used. A 
number of titrations can be carried on at the same time provided 
the quantity of copper present in e^ich is about the same. This 
is regulated in weighing up the ore. The flasks must of course 
be marked, and should be arranged in series on a bench in front 
of a good light and at such a height that the liquid can be looked 
through without stooping. Suppo.sing about 50 c.c. of cyanide 
will '^be required, 30 c.c. should be run into each, and each addi- 
ction be recorded as soon as made; then run 15 c.c. into each. 
The solutions will now probably show marked difibionces of tint: 
Add I C.C. of cyanide to the lighter ones and more to the darker, so 

, to biing the colours to about the same depth of«tint. They 
^hould all be of nearly equal tint just before finishing. At the 
add half a c.Ci at a time until the colours are completely di jb 
'^libAX'ged. A piece of damp filter paper held between the light 
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and the fltuslc a.ssists in judging the colour when nearly finished. 
Ovc'i'done assays show a straw yellow colour which deepens on 
sianding. 

The following will illustrate tlie notes recorded of five such 
assays and one st.andard : — 


i) 30 c.c. 

15 c.c. 5 c.c. 

2 c.c. 

1 c.c. i c.c. 

— c.c. =r 55J C.C. 

(2) 30 » 

15 .1 I .. 

I .» 

r i» 1 II 

= 4Si « 

3 ) 30 

15 n 3 M 

1 H 

I .1 1 >1 

- = 50 i ,1 

4 30 » 

15 n 5 » 

2 » 

I II i 11 

in =54 n 

(si .P » 

IS .. 2 „ 

I t. 

I II in 

— = 49i n 

30 » 

15 » 2 „ 

I M 

1 II in 

J „ = 50 standard 


Three grams of ore were taken, and the standard contained 
0.480 gram of copper. 

In this sciies the difrercncb of half a c.c. means about 0.15 
per cent, on the ore ; with a little practice it is easy to estimate 
whether the whole or half of the Isist addition should be counted. 

To got satisfactory rcs\dts, the manner of finishing once 
adopted must ho adhered to. 

The following exjiorimentsjhshow the effect of vnriation in the 
conditions of the a,ssay : — Use a sdntimi of copper nitrate^ made 
by dissolving 10 grams of C(jpper in 50 c.c. of water and 35 c.c. of 
nitric acid, and dikiting to a litre. 100 c.c. - i gium of copper. 

Effect of Varying Temperature. — In these experiments 
io c.c. of copj)ov nitrate w^ere used, with 10 c.c. of nitric acid, 30 c.c, 
of dilute ammonia, and water to 200 c.c. The results were — 

Temperature . . 15“ 30® 70* lOO* 

Cyanide required . 21.5 c.c. 20.8 c.c. 1970.0. 18.8 c.o. 

The temperature is that of the solution before titrating. These 
show the importance of alwj)ys cooling before titrating, and of 
titrating the assay and standard at the same temperature. 

Effect of Varying Bulk, — The quantities of copper, acid, and 
ammonia were the same as in the last-mentioned experiments. 
The results w'^ei e : — 

Bulk . . . 100.0 c.c. 200.0 c.c. 300.0 O.C. 400.0 O.O. 

Cyanide required . 23.3 „ 21.7 „ 21.4 „ 21.4 „ 

These show that large variations in hulk must be avoided. 

Effect of Varying Ammonia. — ^The quantities of copper and 
acid were the same as in the series of experimerts last noticed. 
The bulk was 200 c.c. The results were : — 

Dilute ammonia . 20.0 c.c. 30.0 c.c. 50 0 o.c. 100.0 O.O. 

Oyauido required . 20.9 „ 21.7 „ 22.3 „ 24.6 » r 

Effect of Varying Acid. — ^The quantities of copper and 
water were^the same as in the last-noticed set of experiments: 
30 c.c. of dilute ammonia were used. 

Nitric acid . 5.0 0.0. 10.00.0. 15.0 0.0. 

OyiUL^do required 21.6 „ 21.7 . 3 K< 5 « 
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On adding nitric acid to the solution it combines with a portion 
/of thb ammonia to form ammonic nitmte ; it will bo seen from 
the last series of experiiiiouts that the losscniiig of the amount of 
free ammonia will decrease the quantity of cyanide required ; 
but, on the other hand, the ammonic nitrate ^.)lich is at th* 
same time formed will increase the amount )‘e<]nived ; under tn* 
conditions of the assay thase two effects neutiulise each other, 
and such differences in the quantity of acid tus are likely to occur 
are unimporbint. 

Effect of Varying Ammonic Salts. — The quantities of 
copper, water, and ammonia were the same as in the last men- 
tioned set of experiments, but no nitric acid was used. 

Ammonic nitrate added i gram * 5 grams 10 grams 20 grams 
Cyanide required . . 21.2 c.c. 22.1 c.c. 2^10.0. 24.1 c.c. 

These show that combined ammonia seriously affects tlie titra- 
tion, and that the principle sometimes recommended of neu- 
tralising the acid with ammonia, and then adding a constant 
quantity of ammonia, is not a good one, because there is then an 
interference both by the ammonia and by the variable quantity 
of ammonic salts. 

The same quantity of combined ammonia has tlie same effect, 
whether it is present as sulphate, nitrate, chloride, or acetate, as 
the following experiments show. Four lots of 20 c.c. of “ copper 
nitrate " were tjiken, and 20C.C. of dilute ammonia added to each. 
These were carefully noiitralisod with tlie respective acids, ren- 
dered alkaline with 30 c.c. more of ammonia, cooled, diluted to 
bulk, and titrated. The results were : — 

With sulphuric acid . . . 22.5 c.c. of cyanide 

„ nitric acid .... 22.6 „ „ 

„ hydrochloric acid . . . 22.6 „ „ 

„ acetic acid . . . . 22.5 „ „ 

Effect of Foreign Salts. — Sulphates, nitrates and chlorides of 
sodium or potassium have no action, whilst the hydrates, carbo- 
nates, bicarbonates, sulpliites, and nitrites have an impoi*tant 
effect. Tlio interierence of ammonic sjilts has already been shown. 

Salts of silver, zinc, and nickel rejict with cyanide just as 
copper does, and consequently interfere. Ferrous salts are sure 
to be absent, and ferric salts yield ferric hydrate with the ara.' 
monia, which is not acted on by the cyanide, but, owing to its 
bulkiness, it settles slowly; this lengthens the time required 
for titration, and so modiiies the manner of worldng. Jn assay 
should TWt he worked with ferric hydrate present^ uidesg the standard 
eontains about tha same amount of it. On mines it is often in- 
convenient to separate the copper by means of sulphuretted 
hydrogen; hence it us customary to titrate writhout previous 
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separation. In this case, instefid of standardising the cyanid§ with 
electtotype copper, a standard ore should be used. This should ^ 
be an ore (of the sjime kind as those being assayed) in which the 
copper has been carefully determined. 

Effect of Varying Copper. — In these expeiiments 10 c.c. of 
nitric acid, 30 c.c. of ammonia, and water to 200 c.c. were used. 

Copper nitrate present i.oc.c. lo.oc.c. 20.0 c.c. 50.0 c.c. iO(xo c.c. 

Cyanide required . 0.7 „ 11.2 „ 21.7 „ 54.5 „ loS.i „ 

These results show that under the conditions laid down thk 
various causes of disturbance nearly ncutiulisc one anotlier, and 
tlie results within a fair range are practi(»illy propoitional. 

Determination of Copper^in Copper Pyrites.— Weigh up 
2 grams of the dried and powdered ore, and plac(^ in an eva})oiut- 
ing dish about four inches in diamel or. Cover with 20 c.c. of nitric 
acid and put on a hot plate. Evapoi-ate to dryness without 
further* handling. Allow to cool .and tako up with 30 c.c, of 
hydrocliloric acid, boil, dilute, ^^jid tian.sfer to a pint Hask, filtering' 
if nee(*SHHiy. Alalie up tlie' hulh with the w.ishings to about 
150 c.c. Precipitate with sulpnurettcd hydrogen, filter*, and waslu 
back the prcci])itato into the fiask. Add 15 c.c. of nitric acirffl 
and boil down raj)idly to 10 c.c. Dilute, add 30 c.c. of dilnt^ 
ammonia, make up to 150 c.c., and cxrol. For the standard, wei^*] 
up 0.5 gram of (jopper, mor’e or less, according to the quantity 
judged to be present in the assay. Dissolve in 20 c.c. pf dilute 
nitric acid, boil ofl' nitrous fumes, add 30 c.c. of dilute ammonia, 
make up to the same bulk as that of the assay, and cool. Titrate 
the two solutions side by side and as neai*ly as possible in the 
same manner. 

Since the assay solution is often turbid fi'om the presence of 
small quantities of lead and of ii*on from incomplete washing, 
and since this slight precipifalc is very slow in settling, the ' 
standard can liardly be compared strictly with the assay. This 
can be counteracted by prctn'pitating in both solutions a mixture 
of ferric and aluminic hydrates, which settles readily and leaves 
the supernatant liquor clear. To eflect this, boil the nitric acid 
solutions with 30 c.c. of a solution containing 1 5 grams each of 
alum and ferrous sulphate to the litre. In an actual determina 
tipn 2 grams of the oi*e were taken and compiled with 0.5 gram 
of copper. The assay required 57.7 c.c, of cyanide and the- 
standard 52.5 c.c. 

52-5 •• 0-5 57*7 : 0-5495 

This on grams pf ore =» 2747 per cent; the same sample 
electrolysis gave 27.60 per cent, of copper. 
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Determinatioii without Previous Separation, — Dissolve 
up !j grams as before, but, instead of passiug sulphuretted 
hydrogen, add 30 c.c. of dilute ammonia, shake well, and cool. 
Prepare a standard by dissolving 0.5 gram of copper in i c.c. of 
nitric acid, add 0.6 gium of iron in the form of feriic chloride 
and 20 c.c. of hydrochloric acid, dilute to about 150 c.c., add 30 c.c 
of dilute ammonia, and cool. Titrate the two solutions side by 
ade. In a dei.crmination on the sample Inst used, 58 c.c, were 
reqidred for the assay and 53 c.c. for the standard, which indicates 
27.3 per cent, of copjjcr. 

This method of working is somewhat rough. 

IODIDE METHOD. 

This is hosed upon the fact tliat when potassic iodide in excess 
is added to a sti*ong solution of a cupric salt in a faintly acid 
solution, cuprous iodide is formed and an eqiii\'alent of iodine 
liberated.* The iodine is measured by titrating with a solution 
of sodium liyi>osulphite,t using starch paste as indicator. The 
iodine is soluble in the excess of potassium iodide, forming a deep 
brown solution ; the hyposulphite is added until this brown colour 
is almost removed, Starch pasle is then added, jind strikes with 
the remaining iodine a dirty blue colour. The addition of the 
“ hypo” is continued until the blue colour is discharged. The end 
reaction is sharp ; a drop js sufficient to complete it. 

As regards the titration, the process leaves little to be desii’ed ; 
the quantity of “hypo” required is strictly proportional to the 
copper pre.sent, and ordinary variations in the conditions of work- 
ing are without eflect. The presence of salts of bismuth masks the 
en<l reaction bec^ause of the strong colour imparted to the solution 
by the iodide of bismuth. Under certjiin conditions there is a 
return of the blue colour in the assay solution after the finishing 
point has apparently been I'eached, which is a heavy tax on the 
patience and confidence of the operator. This is specially apt to 
occur when sodium acetate is present, although it may also be due 
to excessive dilution. 

The standard “ hypo” solution is made by dissolving 39.18 
grams of the crystallised salt (Na,S,0,.5Hj0) in water and 
diluting to one litre. One hundred c.c. will equal one g^am of 
copper. 

The starch solution is made by mixing i gram of starch into a 
thin paste with cold water, pouring it into 200 c.c. of boiling 

• 2CuS0^ + 4KI = Cu,I, + 2I + 2KJSO4. 
t 2Na,8,0, + 2l = 2NaJ v Na^40,. 
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water, and continuing the boiling for a minute or bo. The solu- 
tion must be cold before use, and about 2 c.c. is used for 'each 
assay. Jt should not be added until the bulk of the iodine biS 
been re<liiced. 

To standard iso the “hypo/ weigh up 0.3 or o..: jram of pure 
copper, dissolve in 5 c.c. of dilute nitric acid, boil .‘ij .j ■ xis fnnios, 
and dilute with an equal bulk of cohl wMtcr. . d< “ s >‘ui ' solution 
until a iKjriiianent precipitate is obtaiu'^d, and [b*. *1 < of acetic 
acid. This should yield a clear solution. HU an oi d. ;i. c buiette 
with the “ hypo.” Add 3 grams of p >b ssium iodid< i. smIs 0 
the copper solution, and, when those arc disso! vv<l. d. > * ti; 100 
c.c. with water. Kim in the “ hypo ” soluiion r.it! 0. jU i 1 K until 
the browm colour is nearly dLscharg<‘.l~7.e., v..t'U ' u c.c. of 
the finish. Add 2 c.c. of like starch .s datlcm, and eon-ij.iu' the ad- 
dition of the. “liypf)’ a few drop.s at a tiako r.dil the lin-, smblerdy 
changes to a cream colour. The blue colour must not return on 
standing three or four minutes, h’tilculaie the standard in the 
usual \\ny. 

In assaying ores, the coppei is dissolved and separated w ith sul- 
phuretted hydrogen as in the other jw»cos.se.s, hut the sulphide 
should be washed more completely to ensure the absence of iron 
salts. 

The following experiments show the eflect of variation in the 
conditions of the assay. Use a solution of copper sul]khato con- 
taining 39.38 grams of copper sulphate crystals (CnS0^.5Hjj0) 
in the litre. 100 c.c. equal r.oo gram o^ copper. 

Effect of Varying Temperature. — The assay after tike addi- 
tion of the potassic iodide must be kept cold, else iodine may be 
volatilised. 

Effect of Varying Potassium Iodide.— In various descrip- ^ 
tions of the process the amount of iodide required is variously? 
stated at from “a few crystals” to as much as 10 grams. Thfe 
proportion required by theory for i gram of copper is a little over 
5 grams; an excess, however, is required to keep the liberated 
iodine in solution. On economic grounds this excess should not be 
extravagant; if the student uses 10 parts of the ioilide for each 
part of eepper in the assay he will have suffiedent. In the experi- 
ments there were used 20 c.c. of the copper sulphate, witlj varying 
amounts of potassic iodide, and the following results w^ere got ; — 

Potassio iodide added . .1.5 gnini 3 grams 5 grams 

“Hypo "^required . . 20.0 c.c. 20.0 c.c. 20.0 c.c. 

-n these Uie iodide was added direct to the solution containing 
the copper, which was afterwards diluted to 100 c.c. and titrated^ 
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In another series the iodide was added after the dilution to 
\oo C.C., and the rasults were : — 

Potassic iodide added 1.5 gram 3 grams 5 grams 10 grama 

“ If y})o” required . 20.0 c.c. 20.1 c.c, 20.0 c.o. 20,00.0. 

Effect of Varying Bulk. — In these experiments, 20 e.c. of 
C0})ptT sulpliate were taken. 3 grams of potassic iodide a .ed, and 
also water to the required bulk. 

Bulk .... 20.0 c.c. 100.0 c.c. 200.0 c.c. 500.0 c.c. 
“irypo” required . 200 „ 20.0 „ 20.0 „ 199 „ 

In the last of these experiments tlie colour was discharged at 
18 C.C., but gradually returned until 19.9 c.c. had been rim in. It 
will be seen tint con.siderablo variation in bulk doos not interfere. 

Effect of Acetic Acid. — Those experiment were like the 
last series jneutioiied, but the bulk w.-ts 100 c.c., and varying 
amounts of acetic acid were added. 

Acetic, acid ndi led . o c.c. 1.0 c.i., 50 c.c. 10.0 cc. 20.0 c.c. 

“ Hypo ” requircvl , 20.0 „ 20 i „ 20 i „ 20 o „ 20.2 „ 

Acetic acid, tlicu, does not itilerfere to any serious oxtenl. 

Effect of Varying Sodium Acetato. — These experiments 
wore like tho.se last, mentioned, but without acolie acid, and witli 
vailing amounts of sodium sxcel.de. 

Sodium ucetato added . o gram i gram. 2 grams 5 grams 10 grams 
“Hypo” requhod . . 20.00.(5. 20.0 C 5 ,c. 20.2 c.c. 19.30.0. 18.2 c.c. 

In the 5 grams oxporimoiit, when the finishing point had been 
apparently reiiclied the colour slowly returned ; but as the results 
generally on titrating were not satisfactory a repetition of life ex- 
periment wa^ made with the addition of 5 c.c. of acetic acid, which 
gave ail CKjually bad result. 

Effect of Foreign Salts. — ^Tho conditions of those experiments 
were tlie same as before. The salts were added and dissolved be- 
fore the addition of the potassium iodide. Using 5 grams (or in 
the case of the acids, 5 c.c.), tlie results were as follows: — 


Salt added . 

_ 

dilute 

ILSO, 

Acetic 

acid 

NaAc NaCl 

' “ H^tio ” required 

20.0 c.c. 

20.0 c.c. 20.1 c.c. 

19.3 c.c. 2o.ic.a 

Salt added . 

KNO, 

Na..SO, 

AmCl 

Am.^SO, 

“ Hypo ” required 

20.2 c.c. 

18.7 c.c. 20.0 C.C. 

19.9 c.c. 


The low result with the sulpliate of soda was evidently due to 
the formaticQ of a sparingly soluble double salt, which removed 
copper from the solution ; on adding a little acetic acid the full 
amount of “ hypo” was roquii*od. The effect of thS presence of 
certain metals is important. The method of determining it waa 
to add the substance to the solution containing the copper, and 
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partly precipit,ato with soda solution ; then treating with i o.o« 
of aciotic acid, adding the iodide, and proceeding as Indoro. ' 


Subnlniioc Added. 

0.0^0 gram arsenic as As,Pj . 
0.050 „ iiritimuny as SbCl, 

0.050 „ lead a.s • 


" Hypo” liotmired. 
20.0 c.c. 

. 20.0 „ 

. 19.8 „ 

. 20, 1 „ 


A siinilav cxpcii imeiit with 0.050 gram of bismuth nitrate could 
not ho detormiued , 1 1 le end-i^caction being masked . Bismuth iodide 
- is aolubhi in potassie iodide, forming a brown solution, the colour of 
which is very similar to tliat produced by iodine ; and altliough 
it does nol sti'iko a blue colour with stfirch, “ hypo” has an action 
on it. 

A similar experiment with 0.050 gram of iron as hjrrie chlorllj^ 
requii’od 22.3 c.(j. of “ hypo,” and the colour returned on standing 
This shows tliat ferric acetate liberates iodine under the conditions 
of till' assay. Trying to counteract this, by adding to a similar 
solution 0.5 gram of phosphate of soda dissolvi'd in a little 
water, 19.7 c.c. of ^‘hypo” wt^c rccjuired instead of 20.0, hnt the 
assay sbowi'd signs of rot»5vriing colour. 

Jn standar<lising. the same re.«ailt was obtaincil, whether the 
copper was pivsi iit Jis nitrate or sinphiite before neutralising. 

Effect of Varying Copper. — ^With tbe same conditions as 
before, but with varying amounts of copper and a proiX)rtionally 
increasing quantity of iodide, the results were : — 


Copper pi'OHcnL , i.o c.c. 10.0 c.c. 20.0 c.c. 50.00,0. 100.0 c.c. 

reijnired . i.o „ io.o „ 20.0 „ 50.0 „ 100.0 „ 

showing the results to bo exa-elly pro])0i'tiona!. * 

Determination of Copper in Copper Pyrites.— Take 2 
grams of tbe diied and ]>owdered ore and treat in a porcelain dish 
with 20 c.c. of nitric acid, and evaporate to dryness. Take up with 
30 c.c. of hydrocblorio acid, dilute;, and transfer to a pint flask ; make, 
up with water to 200 c.c., warm, and pass Bul]!)huretted hydrogen 
to excess. Filter, and wash the precipitate with water acidified 
with sulphuric acid. Wash the precipitate Imck into the flask, 
and dissolve with 15 c.c. of nitric acid. Evaporate almost to dry- 
ness add 20 c.c. of water, and boil till free from niti-ous fumes j 
filter off the sulphur and gangne ; neutralise with soda, avoidifig 
excess ; add i or 2 c.c. of acetic acid, and shake till clear. Add 
grams of potassium iodide, dilute to 100 c.c., and titrate. The fol- 
lowing is an example : — 

0.5 gram of copper required , • , 50,5 c.c. “hypo." 

The assay required . . . . 55.6 „ „ 

which is equal to 27.5 per cent, of copper, 

* Fox further information, see Ajmendix B., and a paper by J. W. Wertr J 
moreland, Journal of ifie Society of C'Aeaaicoi Indwtry^ voL v. p. 48, 
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OOLOBIMETRIC PROCESS. 

Tills is based on flie blue colora.tion of aminoniacal copper 
solutions. Tlio quantity of ccqqier in tooc.c. of assay solution 
should not. be nion' than 15 niilligruins, or less than half a milli- 
gram. It is not so delicate as most other colorimetiic methods, 
but nevertheless is a very useful one. 

The manner of working Is the same as that described under 
iron. 

Standard Copper Solution. — ^Weigh up 0.5 gram of electro- 
type copper, dissolve in 10 c.c. of nitnc acid, boil otl* nitrous fumes, 
and dilute to i litre, i c.c. = 0.5 milligram. 

In nearly all cjises it will be necessary to sopjirate the copper 
withsulpbiin'tU'd liydrogen from a. solution of about 5 grams of the 
material to be assayed, 'I'he lilter pa.pov containing the sulphide 
(and, probably, much sulpliiir) is dj-ied and burnt. Tlio ashes are 
dissolved in 5 c.c, of dilute nitric acid, 10 c.c. of dilute ammonia 
added, and the solution liltercd through a c()ai*se filter into a 
.Nessler tube, washing the p:jper with a little dilute ammonia. 

The estimation of the colour and calculation of the result are 
made in tlu? way described on page 44. 

The ellect of varying conditions on the assay may be seen from 
the following experiments. 

Effect of Varying Tomporature. — The effect of increased 
temperature is to slightly decrease the colour, but this can only 
be observed when a fair ipiantity of copper is present. 

i.o c.c, at 15* showed the colour of i.o e.c. at 70" 


2-5 


97 

n 

» 2.7 

50 

»> 

99 

„ 

’ » 5-0 

lO.O 


99 

>« 

9-0 


Effect of Varying Ammonia. — The solution must, of course, 
contain free Jimmouia ; about 5 c.c. of dilute ammonia in 50 c.o. 
bulk is the quantity to be used in the experiments. A lai*ger 
quantity allei^s the results, giving lower readings and .altering 
4 ie tint. With small quantities of ammonia the colour approaches 
a violet ; with larger, a sky-blue. 

2.5 C.C. with 25 O.C. of strong ammonia read 2.2 c.a 

S’^ M *» W l» .* 4*0 M 

10.0 „ „ „ „ „ 8.0 „ 

Effect of Ammqnic Salta~-The following table shows the 
results after addition of ammonic salts * 
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0.4. Present. 

With 10 prams 
Amiiionie Nitrate. 

with lo prarnt 
Ammonlc Chloi>.lc. 

With 10 prflms 
Aminonic Sulpliate. 

2-5 

2*5 

-5 

2.0 

5*0 

50 

5 1 

4.3 

10.0 

10 . 


8.5 


These show that suipliate*. shooM be avoiuoJ. anJ oitlie. nitrate 
or chloride solutions be used in the standard as well as in the 
asstiy. 

Determination of Coppei’ in a Manganese Ore. — Tiuat 3 
grams of the ort! with 20 e.c. of hydrot;hlot‘i(! acid, and evapornte 
to dryness. Take iij) Avilli 10 e.c. of hydrochloric acid; dilute to 
about 200 C.C., and pass, sulphuretted hydrogen until the solution 
snuills of the gas ; filter, burn, tjike up with 5 c.c. of dilute nitric 
acid, add 10 c.c. of dilute ^.immonia, and filter into the Nessler 
tube, and make up with the washings to 50 c.c. Into the “stand- 
ard” tube put 5 C.C. of dibit if' idtric acid and 10 c.c. of dilute 
ammonia. Make up to nearly 50 with water, and run in the 
standard copper until the colours aiai etjual In a determination 
4 c.c. ( = 2,0 milligrams of copper) were rwpiirod ; this in 3 grams 
of ore -0.07 j)er cent. 

Determination of Copper in “Black Tin.” — Weigh up 3 
grams of tlie dried OT’e, boil with 10 c.c. of hydrochloric acid, and 
afterwards a<ld i c.c. of nitric ; boil off nitrous fumes, evaporate 
to about 5 C.C., dilute to 50 c.c., add 20 c.c. of dilute ammonia; 
stir, and filter. If much iron is present, dissolve the precipitate of 
ferric hydrate in acid, and rcprecipilate with ammonia. Mix the 
two filtrates, and dilute to 100 c.c. Take 50 c.c. for the test. A 
sample of 3 grams of an ore treated in this way required 5.2 c.c. 
of standard copper to produce equality of tint. This gives 0.35 
per cent. 

Determination of Copper In Tin.— Weigh up i gram of 
the sample, transfer to an evaporating dish, and cover with 30 c.c. 
of aqua regia. Warm until the metal has dissolved, then eva- 
porate almost to dr-yness. Take up with a few c.c. of hydro- 
chloric acid and again evaporate. 

Dissolve the residue in 10 c.c. of dilute hydrochloric acid and 
transfer to a 100 c.c. flask. 10 c.c. of dilute ammonia and 

make up with water to the containing mark. 

Filter off 50 c.c. of the solution into a Nessler glass and deter- 
mine the coftper in it colorimetrically. 
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BSXAMIWATION OF COMMERCIAL COPPER. 

Very pure copper can be obtained in commerce, owing to the 
demand for metal of “ high conducjtivity ” for electrical purposes, 
which practically means for metal fiee from impurities. 

Much of the metal sold contains as much as one per cent, 
of foreign substances, of which arsenic is the most iinixmtant. 
The other elements to be looked for are bismuth, lead, antimony, 
silver, gold, iron, nickel, cobalt, suluhur, and oxygen. In “ blister 
copper” (which is the uiirelincd metal), aluminium, silicorj, and 
phosphorus may be met with. 

Oxygen. — All commercial copper carii'vs ox} gen ; most of 
it is present as cuprous oxide, ♦which is dissohed by molt'n 
copper. I’he estimation of oxygen is often made “ by cliirer- 
ence.” The copper and the otlier impuriiies being deter- 
mined, the rest is assumed to he oxygen. Probably this is 
nearly correct, but tlie whole of the oxygen should not be 
ascribed to cuprous oxide ; for any arsenic t.he metal contained 
would be present as cuprous arsenite, since arsenide of 
copper and cuprous oxide could not exist together at the 
temperature of fusion without interacting. In the report 
of the analysis, it is best U> state the proportion of 
oxygen thus:— 

Oxygen per cent, by ditlercnce. 

There is a method of determination by fusing 5 or lo 
grams in a brasqued crucible, and counting the Joss as 
oxygen ; and another metljod for the determination of cu- 
prous oxide based on the reaction of tins substance with nitrate 
of silver.* About 2 grams of silver nitrate, dissolved in 100 
c.c. of water, is allowed to act upon i gram of the copper in 
the cold. The precipitate is filtered off, washed thoroughly 
with water, and the basic salt dissolved and determirmd colori-- 
metrically. 

One part of copper found represents 1.68 part of cuprous 
oxide, or 0.19’ part of oxygen. Copper generdly carries from 
o.i to 0.2 per cent, of oxygen. 

Silver is found in most samples, but occurs in variable propor- 
tions ; when it amounts to 30 ounces per ton it has a commercial 
value. To determine its amount, dissolve 10 grams of the copper 
in 35 C.C. of nitric acid and 50 c.c. of water, boil off nitrous fumes, 
and dilute to about 100 c.c. One or two c.c. of dilute hydro- 

• 3Cu,0 + 6Ag!J0„ + 3H,0 =-- 20a„H,0,N0, + 2Cn(NO,), + SAg. 

(InaoluDle basic MUtJ 
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chloric acid (one to loo of water) are added, stirred in, and the 
precipitate allowed to sel l le for twenty-foui* hours. Filter through 
a double Swedish paper, dry, burn, and cupel the ashes with one 
gram df sheet load. 

Ten grauis of asainjdo of copper gave in this way 4.7 milligi’ams 
of silver. Ten grams of the staiic coppei', to which 24 milligrams 
of silver had been luhled gave 28.2 milligrams. 

Gold. — To determine it, dissolve 10, 20, or 50 grams of the 
saiiiplo in 35, 70, or 175 c.c. of nitric acid aud an ecpial volume of 
water, boil till free from nitrous fumes, and dilute to double its 
volume. Allow to stand for some time, dccxiiit on to a filter, dry, 
burn, and (‘upel the ashes with i gram of sheet load. If silver is 
present, owing to traces of chlorides in the I'e-agcnts used, 
“parting” will bo necessary. (See Gold,) 

Working in this way on 20 grams of copper, to which 1.8 mil- 
ligram of gold had been added, a button wmgbirig 2.0 milligiame^ 
was obtaiiuid. 

Antimony is not a frec[ue|i<; irnpiirity of copper: it 
detected in qjiantitios over o.i per cent, by a white 
Sb, 0 ^, insoluble in nitric acid. With material containing only 
small quantities of antimony the whiue oxide does not sj^OW itself 
for some time, but on long-continued boiling it sepaiat<» as a fine 
powder. It is best (when looking for it) to evaporaitc the nitric 
acid solution to the crystallising ]»oint, to add a little fresh nitric 
acid and water, and then to filter off the precipitate. After 
weighing it should be examined for arsenic and bismuth. 

Lead. — Eefined coppers are often free from lead, anything 
more than traces being seldom foun<l ; in coarse coppers it is some- 
times present in consideiuble quantities. 

Its presence may be detected in the estimation of the copper eleo- 
trolytically, the platinum spiral becoming coated with a brown o: 
black deposit of lead dioxide. The depth of colour varies with thi 
lead present, and obviously could be made the hisis of an approxi 
mate estimation. ^J’he colour shows itself within an hour or sc 
but is best obseived when all the copper has been deposited. 

Electrolysing a solution of one gnira of pure copper, to wliich o.] 
mi^itim of lead had been added, the deposit was dark brown 
inKimilar solution with i milligi*am of lead it was much darker 
and with 2 nulligiams it was black. Under tlit conditions of th 
assay the (^ide cannot be weighed, as i^- paii-ly dissolves 01 
bteaking the current. When lead has been found, its quantit; 
may be estjjnated by evaporating to dryness the nitric aQi< 
solution to which an excess of sulphuric acid h^ been adde() 
taking up with water, and filtering off 
suTpbate. 
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The separation of '"^nioes of lead ae chromate is a fairly good 
one. Dissolve 5 grams of the c(»pper in 17 ex*, of nitric acid and 
an equal volume of water , boil off nitrous fumes, neutralise with 
3oda, and afterwards acidulate with acetic acid ; and dilute to a 
litre. Add 20 grams of sodium acetate, warm, ^ad precipitate 
the lead with a dilute solutitm of potassium chromate. Copper 
chromate {>'ellow) may be at the same time thrown doAvn, but it 
is readily soluble on diluting. Filter oft‘ the j)recipitate ; wtush it 
into a beaker and pass sulpLiiretted hydrogen; oxidise the sul- 
phide and weigh as lead sulphate. Treated in this way 5 grains 
of copper jdelded sulphate of lejid equal to 2.0 milligrams of lead. 
Five grams of the same sample to whitdi 10 milligi*anis of lead 
were added gave 1 1.4 milligrams. , 

Nickel and Cobalt. — JSicktd is always present in larger or 
smaller quantities in commercial copper, and, perhaps, has an 
influence on tlie properties of the metal. It is determined as 
follows: — Dissolve 10 grams of the copper in 35 c.c. of nitric 
acid and an equal bulk of water, boil olf nitrous fumes and 
neutralise with soda, add 2 grams of carbonate of soda dissolved 
in water, bf)il, and Alter. A(;idify the liltrate with 2 or 3 c.c. of 
dilute nitric acid and dilute to i or litres. Pass sulplmretted 
hydrogen through the cold solution till the copper is all dowm and 
the liquid smells of the gjis. Filter and evaporate the filtrate to 
a small bulk, and determine the nickel by electrolysing the 
solution rendered ammoniacal, or by precipitating as sulphide 
and weighing as sulphate, (See under Nickel.) The precipitate, 
after weighing, should be tested for cobalt. If present it is 
separated with potjissium nitrite as described under (Jobalt. Ten 
grams of copper g^e 6.0 milligrams of nickel ; and another lot 
of 10 grams of the same copper, to which lo.o milligiums of 
nickel had been added, gave 17,2 milligi-ams. 

Sulphiir. — The amount of sulphur in refined copper is very 
small, seldom exceeding 0.005 per cent. In coarse copper, as 
might be expected, it is found in larger quantities. 

In determining it, it is first converted into sulphuric acid, 
und then procipitated and weighed as barium sulphate. The pre- 
isipitation cannot bo eflfocted from a nitric acid solution. Ten 
Iprams of edpper are dissolved in nitric acid, as for the other deter- 
laminations, and then boiled with excess of hydrochloric arid till 
|tlie nitric acid is completely removed. There is then arlded a few 
^drops of a dilute solution of baric chloride, and the solution is 
-flowed to stand for some hours. The baric sulphatg is filtered 
and weighed. 

The necessity for precipitating from a hydrochloric acid solution 
Jt i^en from the following determin^t^o^* ^h ezpeiinieiS; 
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10 fiframs of co{)]ior wsus used, and a known vvoii?lit of sulphur, 
in the form of copper sitlpliat.0, added. 


Sulphur iv^hletl. 

Sulphur foiinil in lljilro- 
cliJuiU' A(id Solutuui. 

Suliihui f'tmi(l in Nilric 
And Snliilion. 

5 inillnirums 

8 miUii^ranis 

0.03 inilli}.-raru8 

10 „ 

II 

0.U3 „ 

>5 

17 

12.00 „ 


Bismuth.— Nearly all samples of copper eonlain hismiitli, 
but only in .small quantities. It is best delermim d col ori metrically 
}LS described under JJtsuinlIf, The imdliod of conct-ul rating and 
prepiU'ing the solution for colwinietric a.s.Nay is jir> folbnvs. T>is- 
solve 10 grams of copper in nitri** acid, as in tlie olher deter- 
minations; neutrjilise with soda; add i or j.5 graims of bicar- 
bonate of soda and boil for*ten minutes ; filter, dissolve the pre- 
cipitate in hot dilute sul]>hnric acid ; mhl siilpimrous acid and 
potassium iodide in excess, and^ bed tdl fi‘e(5 fiom iodine. Filter 
and dilute to 500 c.e. Take =;o t.e. of yelkw solution for j 
the (Icieiminalion. A feu c.e. of a dilute solution of sulphurous..,,' 
acid (i in 100) will prevent the lilx'ration of iodine, 'i’he follqt^- ** 
iiig experiments test the method of so[>a ration. Ten granxi of 
coppei were treated as altove .and precipitated with 1.5 gi*;im of 
“soda;'’ the precipitate contained 0.6 milligram of bismuth 
( = 0.006 per (ient.). The filtrate ircal ed wit h unotlier r.5 gram of 
“ soda” gave a precipitat.e which was free from bismuth. To the 
filtrate from this was added 1.0 milligram of bismuth, and 
another fraction was precipitated with 1.5 grj^m of “soda.” In 
this precipitate was found 1.0 milligram ofwismuth. To the 
filtrate another millignim of bismuth was added and the separation 
with “soda” repeated. The bismuth was separated from this 
precipitate with aiumonic carbonate befoi’e determination, and 
0.9 milligram was found. 

Arsenic. — The proportion of arsenic in copper vaiies from 
0.01 to 0.75 per cent, whilst in coarse copper it may amount to 
2 or even 3 per C(>nt. To determine it, dissolve 5, 10, or 20 grams 
of the copper (according to tlie amount of arsenic present) in , 
18 C.C,, 35 C.C., or 70 c.c. of nitric acid, .and au equal volume of 
water. Boil oft* the nitrous fumes, dihite to 100 c.c. and neutra- 
lise with soda; add 1.5 or 2 grams of carbonate of soda dissolveil 
in a little water, and boil. Filter (wasbing is unnecessary) and 
dissolve back into the flask with a little dilute hydrochloric add ; 
add 30 C.C, of dilute ammonia and 2 5 c.c. of “ magnesia mixturt,'* 
and allow tt) stand overnight. The whole of the arsenic is'pre- 
(ftpitated as ammonic-magnesic arsenate in one^,^hi>iaii. but it ia 
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advisable to leave it lon^^er. The precipitate may bo ^'^ed ami 
wei|j:hccl, or, better, titrated with ui-jinium acetate. Arsmic.) 
To test this method of sv [laration lo grams of pure copper were 
taken and 0.200 gram of arsenic dissohiid with it. The 
arsenic w-as d<itormined by titration witli nranb m acetate, and 
0.200 gram was found. Two otlier similar experiuionts with 0.080 
and 0.010 gram of arsenic added, gave 0.079 0.012 gram re- 

spectively. 

Antimony or bismuth may be present without interfering with 
the titration. With 0.100 gram of antimony and 0.100 gium of 
arsenie, 0.100 gram of arsenic was found; and in another ease. 
W'ith 0.100 gram of bismutli and 0.060 gram of arsenie, 0.060 gram 
w’iis foil ml. In these experiirients tlio antimony and bismuth 
were present in the assay solution when titrated. For a giavi- 
metric determination they would rt-quire to be removed before 
preeipitating with “ magnesia mixture.” 

Phos]»hfUMis, if present, counts as arsenic in the proportion of 
I to 2.4 ; hut, except in the case of coarse coppers, it is always 
absent. 

lion, if ]>r(‘sent, interferes by forming a white flocculeut pre- 
cipitate of ferric arsenate after the addition of the sodium acetate 
and preliminary t o the titration. Each milligram of iron abstracts, 
in this w’ay, 1.3 milligrams of arsenic. 

Iron. — IicHned coppei’s carry tmees of iron, varying from 
0.001 to 0.0 1 per cent. It is best deteimiiied during the arsenic 
estimation. The precipitate of the ammonic-magnesic arsenate 
will contain the whole of the iron as ferric hydrate. On dissolv- 
ing in hydrochloric acid, neutralising with ammonia, adding 5 c.c. 
of sodic acetate, diluting, and boiling, it reappears as a white 
precipitate of ferric arsenate. It is filtered off (the arsenic being 
estimated in the filtrate), dissolved in wai’m hydrochloiic acid, 
and determined colorimetically as described under Jrm. A series 
of experiments testing the soparJition is there given. 

Phosphorus. — Kefined coppers do not carry phosphorus, 
although it may be present in “ coarse copper ” up to i per cent, oi* 
moi’e. In such samples the following method is adopted for the 
estimation of both phosphorus and ai-senic. Dissolve 10 grams 
of copper and o.i, 0.2, or 0,3 gram of iron whe (according to 
the amount of arsenic and phosphorus present) in 35 c.c. of nitric 
acid and an equal volume of water. Add soda till the free acid 
is nearly neutralised. Next add a strong solution of sodium 
acetate, until the solution ceases to darken on further uildition, 
then dilute with water to half a litre. The solutio^ is host con- 
tained in a large beuker j it is next heated to the boiling point, 
and at once 'emoved and allowed to settle. If the precipitate 4s 

0 
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light coiourod it is evidence that sufficient iron has not been 
added, or, if it is grcc^n, from basic copper salts, it shows that the 
solution was not sufficiently acid. In either case start Jifresh. 
Filter off the precipitsite and wash with hot water containing 
a little sodium acetate, dissolve it off the filter with hot dilute 
hydrochloric acid, add ammonia in excess, and pass sulphuretted 
hydrogen for five minutes. Warm at about 70" C. for a quarter 
of an hour. Filter. The clear yellow filtrate contains the 
ai’senic and phosphorus. Add dilute sulphuric acid in excess; 
filter off the yellow ])recipitate of sulphide of arsenic, dissolve it 
in nitric acid, and titrate with uranium acetate, as described under 
Arsenic. 

The filtrate from the sulphide of ai’senic is rendered alkaline 
with ammonia and “ magnesijil mixture added. The solution is 
stirred, and allowed to stand overnight. The prc'cipitiite of 
jnnmoiiic-magnesic phosphate is filtered t)ff, dissolved, and titrated 
with uranium acietate, ushig the same standard solution as is 
used in tlie arsenic assay; 0.5 gram of arsenic equals 0.207 gram 
of phosphorus. '■ 

Copper.— The method of determining this hjis been dosciibed 
under Eleclrohjlic Assay. 

In the method of concentration by fracf ional precipitation with 
sodic cai’bonnte (which is adopted in most of those determinations) 
the preci}>iiate will contain -all the bismuth, iron, and alumina ; 
the arsenic and pho.spliorus as cupric arsenate and phosphate ; and 
the greater part of the lead, antimony, and silver. The nickel 
and cobiilt, and the sulphur as sulphuric acid, will remain in 
solution witl» the greater part of the copper. 

PKACTICAL EXERCISES. 

1. According to a wet assay 2 grams of a certain ore contained 0.3650 

gran\ of copper. What would you expect the dry assay produce 
to bo 1 

2. A standard solution is made by dissolving 25 grains of potassic 

cyanido and diluting to a litre. Assuming the salt to be 98 per 
cont. real fjyanide, what would 100 o.c. of the solution be equiva- 
lent to in grains of copper ? 

3. How would you make a solution of “hypo” of such stiength that 

100 c.c. shall equal 0.633 gram of copper ? 

4. What wiiiglit of ore, containing 17.0 per cent, of copper, would you 

take in order to get about 0.5 gram of copper in solution for 
electrolysis ? 

. $. The solution of copper in nitric acid is effected by the following 
reaction 

30n + 8 HN 0 , = 3 Cu(N 0 ,), + 4HjO + 2NO. 

What volume of nitric acid will be required to dissolve i gram of 
copper t 
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LEAR 

The chief ore of load is galena; a sulphide of load, common in 
most mining distncts, and frequently «nssooiatcd with blende and 
copper-pyrii('s. It always carries more or less silver ; so that in 
the jxssay of the ore a silver determination is always necessary. 
Carboiia.te. (cerussite), sulphate (anglesite), and piiosphate (pyro- 
morphite) of lead also occur as ores, but in much smaller 
quantities. 

licail oi('s are easily concentrated (owing to their high specilic 
gravity, Ac.) by mecdianical operations, so that the mineral matter 
Bont to the smelter is comj)aratively pure. 

Lead is readily soluble in dilute nitric acid. The addition of 
sulphuric acid to this solution throws down heavy, white, and 
insoluble lead sulph.ate. • 

Galena is soluble in hot hydrochloric acid, sulphuretted hydrogen 
lx*ing evolved ; but ilio action is retarded by the separation of the 
sparingly soluble lead ebloride. If a rod of zinc is placed in this 
solution, metallic lead is precipitated on it as a spongy mass, the 
lead (thloriile being decomposed as fast fus it is formed. The 
opening up of tlie ore is thus easily effected, tho sulphur going 
off JUS hulpluirettcd hydrogen, and the lead remaining in a 
form e^isily soluble in dilute nitric acid. Galena itself is readily 
attacked by nitric acid, part of the lead going into solution, 
and the rest remaining as insoluble lead sulphate. The sulphate 
is duo to tlie oxidation of the sulphur by nitric acid ; its amount 
will vary with the quantity and concentration of the acid used. 
Sulphate of lead is soluble in solutions of ammonium or sodium 
acetate ; or it may bo convtjrted into ciirbonato by boiling with 
CJirhonate of soda. The carbonate, after washing off the sulphate 
of soda, dissolves easily in nitric acid. The precipitation of lead 
from acid solutions with sulphuric acid, and the solubility of the 
precipitate in ammonium acetate, distinguishes it from all other 
metals. The addition of potassium chromate to the acetate -aolu- 
tion reprecipitates the lead as a yellow chromate. 

DBY ASSAY. 

The dry assay of lead is largely used, but it is only applicable 
to rich or concentrated ores, and even with these only gives 
approximate results. Both lead and lead sulphide are sensibly 
volatile at a moderately-high temperature ; hence it is necessary 
to obtain a slag which is ejisily fusible. As a reducing agent iron 
is almost always used, and this is added either in tho form of an 
iron rod, or the crucible itself is made of this me&l. The flux 
used is cai'bonate of soda. 
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"When a clay crucible is used, the method of working is as 
follows: — Wtiigli up 25 giains of the dry and powdered ore, mix 
Irith nn ccpial weiglit of “soda” and 2 grams ot tartar; place in 
a crucible (E. Jiattersea round), and then insert a piece of iron 
rod about half an inch in diameter, and of such a length that it 
will just allow the cruciblo to be covei'od. The rod should be 
pushed down so as to tou(;h the bottom of the crucible, and the 
mixture sliouhl b(‘ c.overod with a sprinkling of borax. Place in a 
furnace lieatcd t.o, but not aljove, redness, and cover the cmcible. 
In about twenty minutes the charge will be fused : the fusion ia 
complete wlaui bubbles of gas are iio longer being evolved ; and 
then, but not till then, tlie iron is withdmwn, any adhering buttons 
of lead being wfushed otF by dijiping the rod a few limes in the 
slag. Covcjr the crucible, loavfe it for a minute or two, and then 
pour. Detach the slag, when cold, by hammc'ring. The weight 
of the button multijdied ])y 4 gives the pcrcentege. The com- 
moner errors of students ih working the process are too high a 
temperat ure and too quick a withdrawal. 

A sample of ore treat ed in this manner gave on duplicate assiiy 
17.5 and 17.0 grauMS of lead, equalling 70.0 and 70.4 per cent. 
r(‘si)eetively, Dy wet, assay tlie sample gave 73.3 per cent. Using 
an iron crucible, the results will be i per cent, or so higher. The 
crucible must be made of wrought iron; and, if it has been pre- 
viously used, should be cleaned by heating to dull redness and 
scraping the scale off with a stirrer. Take 30 grams of the ore, 
mix with 30 grams of “soda” and 3 grams of tartar; put the 
mixture in the (‘lucihlo, and cover with a sprinkling of borax; 
hejit for about t.W(*uty minutes at not t«io high a temperature, 
and then scrape down the slag adhering to the side with a 
stiiTer. Leave in the furnace till action lias ceased. Before 
pouring, tap the pot gently, and then tilt it so as to make the 
slag ^^ash over tlie part of the cmcible along which the charge is 
to be poured. Pour; and, when cold, clean and weigh tlie button 
of metal. A cnuable may be used from ten to twainty times. 

These assays aie for ores containing the lead chiefly as sul- 
phide. For oxidised ores, charcoal or tartar is employed as the 
reducing agent. The student may practise on red kad as fol- 
lows: — ^^lake 30 grams of I’ed lead; mix with 10 grains ejich of 
borax and “ soda ” ami about 1.5 gram of powdored charcoal ; place 
Vi a small clay crucible with a cover ( 0 . Batteisea round), fuse at 
A gentle hetit, and pour when action ceases. This assay will only 
take a few minutes. 

Where Idad is present as phosphate (as in the case of pyro 
morphite), or mixed with phasphates (as someiimea happens), 
e^bonate of soda is a suitable dux ; but the phosphate of soda 
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which is formed makes a thick tenacious slag, which is very apt 
to be carried out of the pot by the escaping gas. A wide-mouth 
clay pot is taken and a little (luor spar added. For the assay of 
pyromorphite the following charge may be used : — Oi c, 20 grains ; 
“soda,” 25 grams; tartar, 7 grams ; and fluor spai 5 grams; and 
2 grams of borax as a cover. This will melt down in about ten 
minutes, and should bo poured jus soon as traiKiuil. 

WET ASSAY. 

In the case of galena, the best mctliod of getting the lead into 
solution is to treat with hydrochloric acid and zinc. Put i gram 
of the ore in an evaporating dish ^ inches across, and cover with 
10 c.c. of dilute hydrochloric acid. Heat till the evolution of 
sulphuretted hydrogen becomes sluggish, and tiien drop in a piece 
of zinc rod. If the solution effervesces too strongly, dilute it. 
Continue the heating until the sulphide is seen to be all dissolved; 
pour off the liquid and wash twice with cold water. Peel oft* the 
precipitated lead with the help of a glass rod, and then clean the 
zinc. Cover the lead with 20 c.c, of water and 5 c.c. of dilute 
nitric acid, and heat gently till dissolved ; all the lead will be in 
solution, and, when filtered off fi-om the gJingue, will bo ready for 
a gravimetric determination. For volumetric work this filtering 
is unneces.sary. Pure zinc should bo used for this purpose ; the 
ordinary metal contains lead, and although its amount may bo 
determined and allowed for, the correction required is large. 

Galena may be dissolved in hydrochloric acid without dillloulty 
under proper conditions. One gram of the finely powdercnl 
mineral treated with 40 c.c. of dilute hydrochloric Jxcid and 
heated so that the boiling is accomplisbed very gently will dissolve 
to a clear solution. With excessive evaporation lead chloride 
crystallises out and the attack on the galena becomes sluggish. 

The ore may be opened up by the following method, which leaves 
the lead in the form of sulphate. Weigh up i giam of the finely 
powdered ore and place it in an 8oz. flask: add a mixture of 
5 c.c. each of sulphuric and nitric acids : boil off the nitric acid. 
Allow to cool, add 70 c.c. of water, boil, allow to settle and pour 
off the liquid through a small filter. Wash repeatedly with small 
quantities of water, keeping the residue in the flask as far as 
practicable. The residue contains lead sulphate. 

Lead sulphate may be dissolved in a solution of sodium 
hydrate : 5 g^rams of the soda are sufficient for i ^am of lead. 
If the liquor is turbid it is decanted and only the washings passed 
through a filter. The lead may be recovered from the liquor as 
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tiulphido of lead by adding anjmonium eulpbidc, or as metal bj 
preoi])itating on aluminium. 

Jjoad sulphate may be dissolved by boiling with a solution ol 
sodium aoetite : about 40 grams of the salt are needed for i grair 
of load : in the presence of 5 or to c.c. of acetic acid the solutior 
is easier, but solutions with much acid are likely to cause trouble 
on boiling by giving up some of their lead sulphate. The lead it 
sodium acctu to solutions may be recovered as chromate or molybdate 
in the manner described under tlio heading Vohmetric Methods, 

GRAVIMETRIC DETERMINATION. 

Gravimetric Doterminatioin, — The lead being in the solutior 
as nitrate or chloride is to be freed from any excess of nitj*ic 01 
hydfocliloric acid by evaporation. The residue is to be taken uj 
with water and the rosultiirg solution treated with 5 or 10 c.c 
of dilute sulphuric acid. The liquor must be allowed to stanc 
ainl the clear portion dccaTiled trough a filter. 

Ti'ansfcr fclie precipitate, and wash with very dilute sulphuric 
acid (t or 2 c.c. iu 100 c.c. of water). The acid must be com- 
pletely removed with one or twowaslies with cold water, and ther 
Tvitb alcohol. The volume of licjuid required for washing is small 
as the precipiUite is dense and easily cleaned ; but tlie washing 
must bo carefully done, since if any acid remains it will, on drying 
char the paper, and render the subsequent work troublesome 
Diy, transfer to a watch-glass, and burn the filter paper, col- 
lectitjg its ash in a w'eiglied porcelain crucible. The filter papei 
must bo freed as much as possible from the lead sulphate before 
burning, and the ash treated with a drop or two of nitiic and sul- 
phuric acids. Transfer the lead sulphate to the crucible ; ignite 
gently, keeping the temperature below redness ; cool, and weigh 
The precipitate will contain 73.6 per cent, of lead. 

VOLUMETRIC METHODS, 

Chromate Method. — This is based upon the re-action^ betweer 
chromate of potash and soluble lead salts in feebly acid solution 
whereby an insoluble lead chromate is produced. If the sol vition is 
cold the precipitate is very finely divided and difficult to work, 
On warming, it assumes a darker colour and becomes flocculent j 
in this condition it settles readily and is easy to filter. The change 
begins at about 40° or 50° G., and is complete in solutions 10 or 2c 
degrees hottel. The solubility of lead chromate in faintly acid 


•K,0r04 + Pb{NO,)3 = PbCr04 -f- 2KNO, 
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Hquor is perceptible at the temperature of boiling, even if the acid 
be acetic and only 2 or c.c. are used for each 100 c.e. of tlie 
solution. At the ordinary temperature tlie solubility is not 
appreciable. Sodium acetate and an excess of poinssium chrt}m}itf 
reduce the solubility in the hot slightly acid solui \,ns. If dui ing 
the redaction the lead is in excess, and hot liquors are used, tluiii 
the precipitate will carry more lead than the formula PbOrO^ 
warrants, and the excess will vary within rather wide limits 
according to the manner of working. 

A steady worker will obtain fairly concordant results even 
under these adverse circumstances ; but it is better to keep the 
potassium chromate in excess, and this is easily done by pouring 
tho hot liquor containing the Iwid into a solution containing 
more than enough chromate to precipitate the whole of the lead 
present. By pouring the lead solution, hot, into a cold chromate 
solution, one may get a final temperature of about 60 0., and tho 
resulting precipitate will be easy to manipulate ; but if tho tem- 
perature is not high enough a subsequent warming lias no bad 
result, and brings the lead chromate into tho desired condition. 

The lead having been converted into lead chromate, its amount 
may be determined by any method which measures the chromate. 
A small precipitate may be dissolved in dilute hydrochloric acid 
and treated with potassium iodide : a titration of the liberated 
iodine by a standard solution of stannous chloride will measure the 
lead present. For larger quantities a solution of fonous chloride 
will be better : the re-action* is that which occurs in the bichro- 
mate assay for iron, and the method of working is the. same, 
except that here the iron is in the standard solution and the 
chromate in the assay liquor ; and that tho end of tho titration is 
marked by the appearance, instead of the disappearance, of a 
greenish tint in the tost drops on the plate. As the student 
should learn tho iron assay before attempting this, there is no 
need to repeat the details of the titration here. In dissolving the 
lead chromate, however, there are some points of importance : the 
precipitate from one gram of lead may be dissolved in 200 c.c. of 
water with about 1 5 c.c. of hydrochloric acid by warming not too 
quickly and withdrawing the heat as soon as tho liquor clears. 
Overheating decomposes the chromate with liberation, and loss, 
of chlorine : thus spoiling the assay. With care, quite good 
results are to be expected, and with small precipitates it is not 
easy to go wrong. Yet for the assay of an ordinary galena it 
is safer to avoid the risk and to work an indirect tij^iation. 


*Pb0rO4 + SFeCl* + 8BC1 = PbCl* + CiCl, + 3FeCh + 4H»0 
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In the indirect titration a quantity of standard chromate solu- 
tion for about .i gram more lead than is expct'lc i io be present 
in the assay liquor is carefully measured from a bin otic into a i6- 
ounco flask. The liquor containing the lejtd is lic.itt^d t o boiling 
and poured into the cold chromate : its bulk should bo Mich that, 
.after mixing with the chromate, the temperature should be some- 
tliing over 6o° 0 . Tin precipitate is then flltercd olf, and the 
excess of chromate detei mined by titratinpf Uie lilirato with a 
standard ferrous solution. By deducting this excc.ss fioni the 
quantity originally taken you get the amount us( d up b' tlie lead. 

The Standard Ferrous Solution utedfoj' the ludirecc titra 
tion may be made with ferrous sulphate; but i'or .he direct 
titration ferrous chloride must be used. This is bccac- of the 
presence of lead in the assay liquor; the sulplialCy an t!u* .standard 
solution causes a piecipitation of lead suljdiato during the titra- 
tion, and this carries down with it suilicieut lead chvoiiiatotogivo 
it a distinct colour. Lead ciiloride, oven if it separates, causes no 
such trouble, as it is not liable to the same contamination. In 
the indirect titration there is too lead in the as.s.ay liquor. The 
standard solution should contain 8.12 grams of iron to the litre 
in order that 100 c.c, of it shall bo equivalent to i gram of lead. 
It is better to make the stock a little stronger than this, and 
dilute the quaiitities required from time to time to the exact 
strength, so that 100 c.c. of it shall require 100 c.c. of the 
standard chromate for a titration,. In making the solution weigh 
up 8.2 grams 01 soft iron wire, dissolve it in hydrochloric acid, 
and dilute to i litre. Or take 41 grams of ferious sulphate 
crystal;, 100 c.c. of dilute sulphuric acid, and, having dissolved 
the salt with water, dilute up to i litre. Measure carefully 80 
or yo c.c. of it, titrate with the standard chromate, and add as 
much more water a.s is necess,ary to erjualise the two solutions. 

The Standard Chromate Solution is made by dissolving 9.40 
gi’ams of potassium chi omate in water and diluting to i litre : loo 
c.c. of it will be equivalent to 1.00 gram of lead. Its strength 
should be checked by standardising with a known weight of lead, 
about .7 or .8 of a gram. The standard solution may be made 
with 7^13 grams of bichromate of potash and 4 grams of bicar- 
bonate of soda insteail of the 9.4 grams of potassium chromate. 

A Standard Solution of Lead is convenient. It may be made 
by dissolving 16 grams of nitrate of lead in water and diluting ot 
i litre : 100 c.c. will coutain i gram of lead. 

Acetate of Soda Solution. — ^Weigh up 250 grams of the 
crystallised salt, dissolve in water, make faintly acid to litmus 
with acetic ^pid, and dilute to i litre. 
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Standardising the Chromate Solution.— Weigh accir aely 
a piece ot* pure lead of about .8 gram. Place in an 8-ounce flask 
with 10 c.c. of dilute nitric acid, heat to dissolve the metal; and 
then evaporate nearly to dryness quickly but with care to avoid 
bumping. Add 20 c.c. or 30 c.c. of water and boil briskly. Cool 
and add soda cautiously till the precipitate formed becomes per- 
manent. Add a piece of litmus paper; if it is not blue add more 
sodii until this colour is obtained. Add acetic acid until the 
■litmus is reddened and then 2 or 3 c.c. in excess. Add 20 c.c. of 
sodium acetate solution, and make up with water to 150 c.c. 
Heat to boiling. Measure into a pint flask from a burette 90 c.c. 
of the standard chromate .solution. Pour ^he hot load solution 
into tho chromate; shake well, allow to .settle, filter. To the 
filtrate add 30 c.c, of dilute swljdiuric acid, and titrate with 
standard solution of ferrous sulphate. The j ^say liquor should 
be in a ba.sin, as in the bichromate iron assay. The standard iron 
solution may be run in freely as loi g as tiie yellow tint of the 
chromate n^mains ; when the iissay liquor becomes green test with 
drops of ferricyanidc of potassium solution on a porcelain plate. 
Continue the titration about i c.c. at a time until a bluish tint is 
obtained. Now bring the burette, with the standard cJiromate, 
and run in this solution a drop or two at a time until tho bluish 
tint is no longer obtained, exactly as in the iron as.say. The 
calculation rotpiired is best illustrated by an example. Suppose 
.8105 gram of lend were taken witli 90.0 c.c. chromate, then 9C.C. 
of the standard ferrous sulphate, and, finally, .3 c.c. of chromate 
to complete the titration. Tlio total chromate used, that is, tho 
reading of the burette with the chromate solution, would l)e 90.3 
c.c. Of this the 9,0 c.c. of ferrous sulphate accounts for, say, 
9.1 C.C. : the correction here dci>ends on the relative strengths of 
the two solution.s. Then 90.3 - 9.1 gives 81.2 c.c. chromate = .8105 
gram of load ; then 100 c.c. = .9982 gram. This is the standard. 
The chromate solution keeps its strength well. The standard 
ferrous sulphate weakens on standing. 

HetormiiiEitioii of Load in a Biicli Gralona. — W^cigh i gram 
of the very finely powdered oro and place in an 8-ounce flask with 
40 c.c. of dilute hydrocldoric acid. Boil very gently until the 
attack is complete ; add a few drops of permanganate of potash 
solution and boil ofl' the excess of acid, briskly at first, then more 
caution.sly, to avoid bumping. Add 20 or 30 c.c. of water, and 
then soda till the liquor is alkaline. Acidify with acetic, <fec., 
exactly as in tlie standardising. Having finished the titration, 
calculate how much of the chromate solution is equwalent to the 
ferrous sulphate solution you used, and deduct this amount from 



2i8 


TEXT -BOOK OF ASSAYm 


the total chromate nm in : this gives the quantity of chromate 
solulion used up by the lead in i gram of the ore. Calculate the 
percentfige in the usual way. 

Dotormination of Load in Poorer Lead Ores.— Weigh 
up 1 gram of tlie finely f)owdered ore and heat to about boiling 
for 10 or 15 minutes, lloil down to a bulk of about 5 c.c., 
Add a small crystal of chlorate of potash towards the end and 
continue the boiling till the chlorine is driven off. Dilute to 
150 c.c. with water : see that the lead chloride is dissolved. Pass^ 
SI I,, allow to settle, filt,er. Wash the precipitate back into the 
flask and complete the cleaTiing of the filter by pouring over it 20 
c.c. of hot dilute hydrochloric acid. Boil down to about 10 c.c. 
Add a few drops of permanganate solution and boil off the chlorine. 
Cool ; add soda to get a permanent precipitate, acidify with acetic 
acid, &c., exactly as in the standardising. Use about 10 c.c. of chro- 
mate more than you expect ihe lead to use up. Titrate as before. 

MOLYBDATjE METHOD. 

This is based on the reaction* between lead salts and ammonium 
molybdate in solutions made more or less acid with acetic acid. 
Lead molybdate is formed as a white prccipitiito which, in tht 
earlier stage of the titration, does not settle readily. When 
almost all the lead has been thrown down it goes down fairly 
well, leaving the liquor over it colourless and clear. It is less 
sensitive to the presence of acetic acid and foreign salts than lead 
chromate is and its composition does not vary so much witli varia- 
tions ir the conditions under which it is precipitated. 

The finishing point is got by testing for ammonium molybdate. 
This is done by bringing a drop of the assay liquor into contact with 
a drop of a solution of tannin on a porcelain slab ; the presence of 
ammonium molybdate is shown by a brown colour. With such small 
quantities of molybdate as .1 or .2 c.c. of the standard solution in 
200 c.c. or 300 c.c. of water the colour is rather feeble for a shar|] 
determination when tested in this way, especially in the presence 
of acetic acid. But larger quantities, such as 2 or 3 c.c. of the 
assay Ihjuor filtered off* into test tubes, give much plainer indica* 
tions. The following plan of working then appears convenientr 
Let the assay liquor containing the lead and acitHfiod with acetk 
acid bo heated to boiling. Run in the standard solution ol 
ammonium molybdate with occasional reheating until the precipi 
begins to settle readily, then proceed more cautiously, adding 

* AmaMoO^ + Pb(NOj), = PbMo04 + 2AmN0|. 



tbe molybdate solution i c.c. at a time until two drops of the assay 
liquor give a brown colour when brought into contact with a di’op 
of the tannin solution on the porcelain slab. Filter off 2 or 3 c.c, 
into a test tube; add three drops of tannin solution: from the 
depth of colour produced an e.stimjito can be made to how much 
the titration is over-done. Run in from a lun ette a little more of 
a standard solution of lead than is judged to bo necessary to 
coiTCct for the excess of molybdate used. Suppose i c.c. of lead 
solution added : equivalent to i c.c. of the standard molybdate. 
Filter off into a test tube 2 or 3 c.c. of the as.say liquor and again 
lest with three drops of tlio solution of tannin, which will show no 
reaction : if it does, add .5 c.c. of lead solution and test again. Then 
add molybdate solution .1 c.c. at a* time, filter oft* portions into 
test tubes after each a(l<lition. Rbice the test t'.be.s in a stand in 
proper sequence, counting from left to l ight, and note under each 
tube the corresponding reading of thr» burotto. When a series 
has been obtained drop into each tune three' drops of the tannin 
solution and shake to complete the mixing. In a few moments 
the finishing point will be shown with bcantifnl distinctness ; one 
of the tubes will show a faint brown tint and those on the right 
of it a gradually increasing colour : this marks the finish, and 
the burette reading below this tube is the one required. 1 1 will be 
necessary to deduct from it the equivalent of the lead solution 
run in. 

Worked as just described the portions withdrawn for testing 
will apparently demand a cori*ection for loss throtigh ivithdrawal 
of such considerable quantities of the assay liquor ; but if done 
strictly as described the correction will rarely reach .05 c.c. and 
need not bo made in ordinary Ciises. The a.ssay may bo worked 
in the ordinary way, finishing off with a drop of the nmlybdate 
solution at a time until the test on the porcelain slab shows a 
faint brownish tint. 

Tho Standard Solution of Ammonium Molybdate is made 
by dissolving 7 grams of ammonium molylnlate in water and 
diluting to i litre. If necessary a few drops of ammonia may 
bt added to clear it. This should be standardised and diluted to 
the strength 100 c.c. = i gram of load. If the standard as found 
is 1.04, then 4 c.c. of water should be added to each 100 c.c. of the 
standard solution. 

The Solution of Tannin is made by dissolving i giam of 
tannin in 300 c.c. of water. This solution should be made from 
time to time as wanted. Solutions of lead and sodkim acetate 
will be required : these should be prepared as described under the 
Chromate Method. 



2i83 


TEXT-BOOK OF ASSAYING 


Standardising the Molybdate Solution. — Weigh accurately 
a piece of lead foil of about ,5 gram. Dissolve in a 4-iiich dish 
with 10 c.c. of dilute nitric acid, (Jool : add 5 c.e. sulplmi-ic acid 
and boil until the siilpli uric acid fumes appear. Allow to cool; 
add 70 c.c. of water ; boil and filter. Wash with small quantities 
of water: keep the lead sulphate in the dish as far as possible. 
Add 10 c.e. of acetic; acid to 80 c.c. of sodium acetate solution ; 
boil .‘ind run through the filter into the dish : boil in the dish 
until the lead suljjhate is dissolved. Transfer to a wide-necked 
flask and dilute to about 250 c.c. lloil and titrate with standard 
molybdate solution in the manner described above. Calculate the 
standard in the usual way. 

Assay of a Poorer Load Ore or Matte. — Weigh up 1 
gram of the very finely powdered ore or .5 gram if it is rich in lead. 
Treat in a 4-irich dish with 5 c.c. sulphuric acid and 5 or 10 c.c. 
of nitric acid, lloil ofi'/Jho acid till the dense sulphuric acid 
fumes appear. Allow to cool. Add 70 c.c. of water, boil, filter, 
A'c., exactly as in the standardising. 


COLOHIMETJarc PBOCESS. 

This is bjxsed upon the brown coloration produced in very 
dilute solutions of lead by the action of a solution of sulphuretted 
hydi'ogcn. The quantity of lead in the 50 c.c. of the assay solu- 
tion must not much exceed 0.5 milligrr.m, nor bo less than o.oi. 
The sulphuretted hydrogen is used in the form of a solution, and 
is not bubbled through the assay. The principle of working is the 
same iis previously described. 

Standard Lmd Solution . — Each c.c. of this should contain o.i 
milligram of lead. It is made by diluting 10 c.c. of the solutiof 
of lead nitr.‘ite, described under the volumetric process, to i litre. 

Sulphuretted hydrogen vmi&i' is made by passing a current of 
the washed gas into the water till the latter is saturated. 

Five c.c. of the sulphuretted hydrogen water are put into a 
Nessler tube, the measured portion of the assfvy solution added, 
and tlie whole diluted with water to the 50 c.c. mark. Into the 
standard Nessler tube the same amount of the sulphuretted 
hydrogen water is put, and diluted to nearly 50 c.c. The stand- 
ard lead solution is then run m till the tints are equal. The 
.assay solution must not contain much fre«i acid, and if the condi- 
tions will allow it, may with advantage be lendered alkaline with 
ammonia. The chief cause of disturbance is the precipitation of 
lead sulphji^e forming a black turbid solution instead of a 
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brown clear one. This may he cai^sed by Tisi’ng hot solutions or 
an excess of acid. Other metals precijti table by sulphuretted 
hydrogen must be absent as ^aoII as strong oxidising agents. 

Effect of Varying Temperatuie. — Tlie elloct of increased 
temperature is to cliange the col our' from brow’n to black, and to 
render the estimation (litUcult. 

1 o.c. at 15" C. filiowcd the colour of 0.5 c.c. ril to" 0 . 

2 „ „ 1.5 at 6 o“C. 

M „ „ ,• 5-0 », at so" C. 

'Effect of Varying Time.— The colour becomes lighter on 
Ktanding : 2 c.c. on standing 10, 20, and 40 minutes became equal 
in eolour to 1.7 c c. 

Effect of Acids and Ammonia. — Two c.c. of the solution with 
2 c.c. of dilute hydi whloric acid bfvame cloudy and equivalent to 
about 2.5 c.c. ; and a, similar ri‘sult was got wilh 2 c.c. of dilute 
sulphuric atiid. With 2 c.c. of dilute ammonia the solution became 
somewhat darker, or C(]ual to 2.3 c.c. ; »but gave a very clear solu- 
tion easy to compare. 

Determination of Lead in Commercial Zinc. — Dissolve 

0.1 gram of the metal in i c.c. of dilute nitric acid evaporates till a 
solid separates out, dilute to loo c.c. with water, and take 20 c.c. 
for as.say. A sample treated in this way required 2.4 c.c. ; this 
multiplied by 5 gives 12.0 c.c., equal to 1.2 milligram of lead, or 
1.2 per cent. By gra.\imetric as.say the sample gave i.io percent. 

PRACTICAL EXERCISES. 

1 . Thirty grams of galena gave on dry assay 21 grams of lead ; and this, 

on cu])cllation, gave 15 Tnilligraiiis of silver. Calculate Ihe’-esults 
in per cents, of lead and in ounces of diver to the ton of ore. 

2. How many ounce.s of silver to the tor would be contained in the 

lead got from this ore if the loss in ^melting is c<]nal to that of 
the assay ? 

3. Having given you a sample of wdiite lead freed, from oil by washiag 

wit h ether, how would you proceed to determine the percentage 
of lead ill it? 


THALLIUM. 

Thallium is a rare metal, found in small quantities in some 
varieties of iron and copper pyrites, and in some litliia mietts. It 
resembles lead in appearance. Its compounds re.semble the salts 
Df the alkalies in some respects ; and, in others, those of the heavy 
metals. 

It is detected by the green colour wliich its salts impart to the 
flame. This, when examined with the spectroscope,, shows only 
one bright green line. 
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It is separated and estimated by dissolving in aqua regia, 
converting into snlpbato by evnpoiutiou Avitli sulpburic acid 
separating the second group of nietals witli sulphuretted hydrogen 
in tbe acid solution, boiling oO'tho excess of the gas; nearly neu- 
tr.ilising with ciirbonate of soda; and preci}»it:iting the thallium 
with an excohS of potassic iodide. On allowing the liquid to stand 
for some time a bright yellow precipitate of thailous iodide se})a- 
raxes out. "^I’liis is collected on a weighed filter; washed with cold 
water, tinishiug olT with alcohol ; dried at 100° 0., and weighed. 
The i)i‘ecii)itate ls thailous iodide Til, and contains 61.6 per cent, 
of thallium. 

B 18 MUT 11 

Bismuth is nearly always found in nature in the metallic state ; 
but occasioually it is mot with as sulphide in bismuthino and ^l8 
cai'bonate in bismutite. It is also found in some comjnuutively 
rare minerals, such as tetr^dyinite, coiuhined with tellurium, and 
associated with gold. 1 n ini nute quantities it is widc'ly distributed : 
it is a common constituent of post copper ores; hence', it finds iis 
way into refined cop])er, vhich is stsidom free from it. It is occa- 
sionally met with in silver in .'^•aificient quantify to interfere with 
the woi'king qualities of that metal 

Bismuth com})Ounds are used in medicine and in the manufac- 
ture of alloys. Bismuth pos.sesses many useful ])r(>perties. It has 
considerable commercial value, and sells at a high price. 

The metal is brittle, breaks with a highly crystallmo fracture, 
and has a (diaracteristie reddish-yellow colour. It is almost in- 
soluble in hydrociiloric, but readily dissolvo.s in nitric, acid ; and 
gives“ if the acid is in excess, a cl'*ar solution. Bismuth salts have 
a strong tendency to separate out as insoluble basic compounds; 
this is more c.specially ti-ue of the chloride whidi, on diluting with 
a large volume of water, beeome.s milky; the whole of the bis- 
muth separating out. The iiit.ra.t(s carbonate, and hydiut-o yield 
the oxide (Bi^t >3) on ignition. This oxide closely resemble.^ litharge. 
It combines with silica, forming fluid slags; and at a red heat is 
ii(|uhl enough to be absor lxjd by a cupel ; in fact, bismutii may 
take the pLico of kuid in ciipellation. Tlio metal itself is easily 
fusible, and may be separated from its ores by h’quation. 

The as.say of bismuth by wet methods presents little difficulty, 
and is faiily accurate. The j)rice of the metal is sucli that only 
methods w hich yield good results should be adopted ; and, since 
bismuth is volatile at the temperatui*e cf the furnace, and is 
found mixed with ores not easy to flux, as also with metals which 
are not easily separated by the diy method, the dry assay can only 
be cousiderQ^ having a qualibitive value. 
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DRY ASSAY. 

By Liquation. — This is adapte<i to ores oontaining^ the bis- 
muth as lueiiil. Take 20 grams of the powdered ore and place 
in a crucible with a pcrfoi*atpd bottom, juit this crucible into 
another of about the same size and lute the job t. Lute on a 
cover, place in the furnace and heat to redness. The bi.smuth 
wudts readily and drains into the lower crucible fi*om which, when 
cold, it is taken wnd weigliod. 

By Fusion. — For fairly pure ores the process is as follows : — 
Take 20 giams of the ore and mix with 20 grains of fusion 
mixture, 10 grams of salt and 5 or 10 grains of potassium 
cyanide ; place in a crucible, cover, and fuse at a moderate tem- 
penxture for about fifteen minutes^ pour ; when cold detach tho 
metal and x\ eigli. 

For eoppin y ores in which the metals are piesent as sulphides 
use the fluxes just given with 2 grams ^of charcoal (instead of the 
cyanide) and a little sulphur. 

For coppery ores in which the metals are present as oxides, 
mix 20 grams of the ore with 10 grams of fusion mixture, 4 
grams of salt, 4 grams of sulphur and 2 grams of chaicoal ; and 
fuse. 

A eonsidei’ablo percentage of bismuth is lost in thaso assays ; 
it is stated as being nearly 8 per cent, of the metal present. 

WET METHODS. 

Detection. — Bismuth is detected by dissolving the substance 
in nitric or hydrochloric acid and precipitating tho dilut,e»l sol-ition 
with sulphuretted hydrogen. The precipitated sulpliides, after 
digesting with soda and washing, are dissolved in nitric acid and 
the solution boiled with ammonium carbonate. The precipitate is 
washed and then wanned with dilute sulphunc acid. The solution 
will contain the bismuth. Add a solution of poUissium iodide in 
excess, and boil ; a yellow or dark brown solution proves that 
bismuth is present. Another good test for small quantities of 
bismuth is to add tarUiric acid to the solution to be tested, and 
t hen to make it alkaline with potash. Add a few c c. of 
Bchneider’s liquid,* and heat. A brownish-black colour is pro- 
du(!ed by as little as one pai’t of bismuth in 200,000 of solution. 
The test is not applicable in the presence of mercury, copj)er, or 
manganese. 

* Made by dissolving 12 grams of tartaric acid and 4 grams of stannous 
chloride in water, and adding potash solution till it is alkaline. The 
•olation should remain clear on heating to 60” or 70° 0. 
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Compounds of bismuth fused with cy.-itiide of pobissium in a 
Berlin eiucible readily f^ivo fi globule of bismuth whicli is re- 
cognised l)y its apjMJu ranee and fnmtnre. 

Solution and Separation. Tbe solution of bismuth com- 
pounds presents no dillieulty. They are solubhj in nitric acid or 
a<]ua regi.a, and, provided the solution is sulliciently acid, they 
remain dissolved. In se[)arating it from other metals the solution 
is made up to about loo c.e. and treated with a current of 
sulphuretted liydrogcui. The bismuth comes down in a tolerably 
strong acid solution. The sulphide is dec.anted on to a filter and 
washed. It is next digested with amnionic siilplude ; or, better 
(especially wlwm other metils are present), dis.iolved in nitric 
acid, and trejiti'd with an exei*ss of ammonia and a current of 
sul])liurettcd hydrogen. The preci])itute is filtered oil’ and 
evaporjited to dryness wit.h nitric acid. It is tak(U' up with a 
few drops of sulphuric acid and a little water; and warmed and 
filtered, if m'cc'ssary. The filtrate is nearly neutralised with 
ammonia ; ammonium carbonate added in slight excess ; and tbo 
li(juid heated to boiling and ^iitei'ed. Tbo bismuth will be con- 
tained in uhe precipitate with imriiaps traces of h“id, antimony, 
tin, or sometimes iron from ineomplele seiuiration or wasliing, 
Wlion only traces of a precipitate aie got it must be tested. The 
bismuth ])reeipitato is readily soluble in dilute nitric acid. 

GRAVIMETRIC DETERMINATION. 

The bismuth having Ix'en separ.‘il,ed ami di.ssolved in nitric 
acid* is precipitated (.‘i.l‘ter dilution) by the addition of carbonate 
of aihmonium in slight excess, and boiling. The precipitate is 
filtered ofl’, wosIkhI with hot water, dried, ignitod, and weighed. 
The ignition should be jaudormed carefully at not .above a low 
red heat. The oxide which is formed has, .at. this temperature, a 
d.ark yellow or brown colour, and becomes yellow on coolitig. It is 
bismuthic oxide (HijOj) and (jontaiiis 89.65 per cent, of bismuth. 
Fusion witli potassium cyanide at a temperature just sutlicient to 
»nelt the salt reduces it to the metal which falls to the bottom 
and runs into a globule. The button of metal may be weighed, 
but it. often sticks tenaciously to the bottom of the crucible. The 
precipitation with amnionic carbon.ate must not fie made in a 
sulphate, or cldoride solution ; since basic coraf( unds would then 
DO thrown down, and the result on W'oighing would either be too 
low (because of the volatilisation of tho ehloride), or too high 
(because of the retention of sulphuric j).cid). 

♦ It must be remembered ' that arsenate of bismuth is completely in- 
soluble in this ccid. 
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Bismuth compounds in a nitric acid solution are readily decom- 
posed by the electric current, but tlie deposited bismuth is not 
coherent. It comes down in shaggy tufts which are difficult to 
wash and easy to oxidise. 

VOLUMETBIC ASSAY. 

Tliere ai*e two methods which have been proposed ; one based 
on the precipitation as chromate and the estimation of tho 
chroniic acid ; and the other on the precipibition as oxalate and 
sui)sequcnt titration with porm.angjinate of potash. Those ofler 
little advantage over the easy gi’avimetric determination. 

COLORIMETRIC METHOD. 

Bismuth iodide dissolves in excess of potsissium iodide, forming a 
yellow-coloured solution, iudistitiguisliable in colour from that 
given by iodine. Tiic colour, however, is not removed by boiling 
or by sulphurous acid. Since nono of the commoner metals give 
Kucli a colour, and free iodine is eiusily separated by boiling, this 
method is spe(dally suited for small determinations of bismuth. 

It recpiires a soliUion of biwmthy made by dissolving o.i gram 
of bismuth in a drop or so of nitric acid, evaporating with a little 
sul])liuric acid and diluting with water to 1 Htre. i cc. will 
contain o.i milligram of bismuth. And in. solution of suljyhuro^ia 
acid, made by diluting 10 c.c. of the commercial acid to i htre 
with water. 

The determination is made in the usual way : 50 c.c. of tho 
prepared solution, which should ?iot caiTy more tlian 0.75 milli- 
gram nor less than 0.0 1 milligi'am of bismuth, are phiced in a 
Nessler tube aud the colour compared with that observed in a 
similar tube containing water and potassium iodide on adding th? 
standard solution of bismuth. 

The assay solution is prepared by separating the bismuth witl 
sulphuretted hydrogen, boiling the precipitate with nitric acid, 
aud evaporating with sulphuric acid. Take up with water, add 
I o or 20 c.c. of solution of potassium iodide, boil off any iodine 
liberated, dilute, filter, and make up to 100 c.c. Ac(‘ording to 
the depth of colour take 10, 20, or 50 c.c. and transfer to the 
Kessler tube. Add a few c.c. of the solution of sulphurous acid. 
Into the other Kessler tube put as much potassium iodide solu- 
tion as is contained in the assay tube, with sulphurous acid and 
water to within a few c.c. of the bulk. Then add the standard 
bismuth solution till the tints are eQtts^^ 
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Tlie student must be careful not to confuse the colour of the 
bismuth iodide ^^■ith that of fi-ee iodine. If the yellow colour is 
removed by boiling and returns on standing it is due altogether 
to iodine ; if it is lessened by the addition of a few drops of the 
dilute sulphurous acid, it is in part due to it. Hence the neces- 
sity of having a little free sulphurous acid in esich tube. A 
si rung solution must not be used, since it liberates iodine from 
p(»tassiinn iodide. 

The following experiments illustrate the e/fcct of variation in 
ilio conditions of tho assay - 

Effect of Varying Temperature. — At a higher temperature 
the colour is soinewlijit leasened. 

I.o c.c. at 15° 0. sliowed the colour of 0.8 c.c. at 70“ 0. 

2-5 M » •• .. 2.0 

5 "® « * ♦» »» 

Effect of Free Acid.-^ 

2.5 0.0. with 5 c.c. of nitric acid equalled 2.5 c.o. 

5.0 „ „ ^suiphuric acid 5.0 „ 

Hydrocliloric acid almost completely removes the colour, which, 
however, is restored by the addition of a few crysbils of potassium 
iodide. 

Effect of Alkalies. — Ammonia, soda, or potash destroys the 
colour, but it is restored oh acidifying with nitric or sulphuric 
acid. 

Effect of Ammonic Salts. — ^The Mowing table shows the 
results after aJUitiou of amnionic salts : — 


C.c. present. 

Willi 10 lyriims 
Auiiiionk- titrate. 

With 10 pranoB 
Amniuiiic Sulphate. 

With 10 irraniB 
Ammunic Chlunde. 

I.O c.c. 

0.9 C.C. 

i.i c.a 



2.5 « 1 

2.5 » 

2.7 .. 

— 

5-0 » 

5-0 „ j 

i 5*5 » 



Ammonic chloride, like hydrochloric acid, removes the colour, 
which may be restored on the addition of more potassium iodide. 
Nitrates and sulphates do not thus interfere. 

Effect of Foreign Salts. — Sodic hyposulphite almost com- 
pletely removes the colour. Copper salts liberate iodine; but 
when this has been removed by boiling and the cuprous iodide 
'has been filtered oS’ there is no fuHher interferenod. Dilute 
solutions of lead salts give ne colour. 
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PRACTICAL RXKRC 1 SR 8 . 

I. A fnsible alloy is made np of 8 parts of bisranth, 5 of lead, and 
3 of tin. Wbat wf)L Li of oxide of bismuth, Bi^O,, "would you get 
on the anahsis of i gram of it ? 

f. Wbat weight of bismiiih can be got from 2 grams of the subnitraio 
BiONO, HjO? 

3. How wmnld you detect and separate arsenic, lead, and copper in a 
samide of bismuth ? 


AiSJIMONY. 

Antimoiiy omirs in tlie native state, but is rare; its eoimnon 
ore is antiinanite, the sulphide (Sb^.S,). Jamesoiiite and other 
sulphides of Ir^ail and aniinuuiy are frequently met with. Sulpliide 
of antimony is also a constituent of bilileiz and of many silver 
ores. 

Antimocite occurs goneraJly in fibrous masses, has a lead-lilce 
metallic lustre, is easily cut with a kni.fe, and molts in the flame 
of a candle. 

Antiinony itself has a very crystalline fracture, is brittle, and 
baa a bluisli-white colour. It is used in the preparation of alloys 
with h‘ad and tin for the manufacture of type-metal. It is readily 
fusible, and imparts hardnes.H and the property of taking a sharp 
cast to its alloys. It is practically insoluble in hydrochloi ic acid. 
On boiling wifh strong nitric acid it is converted into antiuioiiic 
oxide (Sh./)J, which is a powder almost insoluble in this acid 
or in water, but which may he got into solution with difliculty by 
tlie prolonged action of hydrochloric and taitiiric acids. Anti- 
monic oxide is converted on ignition into the tetroxide (^ ^0^) 
with loss of oxygem. Antimony forms two series of siilts, anti- 
monious ami anlimoriic; and UvlvantJige is taken of this in its 
determination voluiuctrically. Either sulphide of antimony yields 
witimonious chloi’ide on boilingwiih hydrochloric acid, sulphuretted 
hydrogen being given off; and, in the case of antimonic sulphide, 
sulphur is deposited. Antimonious is converted into antimonic 
chloride by treatment with permanganate of potash in an acid 
solution. Antimonic cliloride and potassium iodide react, forming 
antimonious cldorido and free iodine. This latter may be got rid 
of by boiling, yulphide of antimony is separated from the ore 
by liquation; this regulus is met with in commerce as “crude 
antimony.” 

DBY ASSAY. 

An approximate determination of the amount of ^ulphide of 
antimony in an oro may be made by fusing and liquating in a 
luted double crucible in the inanner described under bismuth. 
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This is unsatisfactory. The detormination of metallic antimony 
in an ore is made either by fusion with potassium cyanide or by 
fusion with iron, us in the galena assay. Both mt^thods yield 
poor results ; and, where iron is used, it must be added in (luantity 
Duly sullicieiit for desulphurising ; this amounts to about 40 j)er 
cent, in pure ores. If ilie iron is in excess it alloy.s with th(i redu(;ed 
antimony. If, on the other hand, it is insutlicient, tluj metal will 
contain sulphur ; or sul[)liide of antimony will be lost in slag. 

The following note, for which we are indebt(>d lo Mr. Bedford 
Mc^iJeill, A.B.S.AL, gives a description of the method adopted in 
the commercial valuation of a pai-cel of antimony ore : — 

Tlie antimony smelter, when he wishes to detBrmine the value 
of any parcel of ore — usually the sulphide— that may be oflered 
for sale, prai tieally has recourse i.^) the smelting operation. That 
is, a (piaTitity of 2 or 3 ewts. laken by bus sampler having been 
obtained, he treats it under the imtu(‘diato supervision of tho 
foreman smeltei* as if it foVmed part of the ore in proct‘ss of daily 
reduction at his works, lie thus delevmincs by actual trial the 
output which it may fairly anlicip:i1ed will be yielded by the 
bulk, and upon tho icsult of this tiial or asstiy, and the knoM ledge 
gained of the acjtual behaviour of the ore under treatment, he 
bases his tender, knowing that, should he secure the parcel, he 
may confidently expect a similar return. 

Briefly, the process consists of the three ordinary operations 
of— 

(tt) Singling or removing most of the antimony from the ore ; 

g Doubling ; 

Refining or “ starring.” 

But in the assjiy sufficient information is genenilly given by the 
first two of these. 

A new pot having been taken and made hot in the furnace, 
40 or 45 lbs. of the ore is weighed in (the mineral from the neces- 
sities of sjimpling not exceeding walnut size) ; 1 to 3 lbs. of salt 
cake is now added to render the separation of the resulting sul- 
phide of iron more easy, as also to assist in the fusion of the 
ganguo; 20 to 25 lbs. of tin-plate scrap, beaten more or less into 
ball shape, is weighed, phiced on tho top of the ore and salt cake, 
and the whole brought to a state of fusion. The foreman from 
time to time takes notice of the behaviour of iJie ore under the 
working conditions. Ores that manifest a tendency to “ boil ” or 
froth” require the admixture uf other move sluggish mineral in 
6rder to rernler their reduction economically practicable. 

After i| to I J hours (the time depending mainly on the tem- 
perature), the contents of the crucible are usually in a state of 
t^quil fusion. The pot is now lifted from the fire, and its 
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contents transferred to a. conical iron mould, the empty pot being 
immediately put back into the lire, and the latter “mended” 
with sullicdent coke for another run. The conical mould (when 
dealing w itli a “ strange ” ore, and the possibility of insulTicient 
irtm being present to stitisfy the sulphur conteutr) ; < wiped inside 
with clay previous te) pouring in the molten charge. Otherwise 
the mould itself will bo attacked, and the contents after sohdifying 
will rctpiire to be chiselled out piecemeal, 

A further 40 lbs. of the ore is now chargoa Ii.te the crucible 
with iron as above; but before tliis second charge is ready to bo 
drjj\\n an inspection of the first may suggest the addition of 
either 3 or 5 Ihs. more iron, or 5 or lo lbs. moie ore. 

It is a good fault rnther to aim at an eyces.s of iron as tending 
to clean the ore froiri antimotjy, any of the latter that (from an 
• insulliciency of iron) may bo left in the slag from the first process 
being irretrievably lost; whereas, if the iron be in excess, that 
w'hich is combined with the crude ..jitimony resulting fixim the 
iirst process is easily got rid of by adding 3 to 5 lbs. or so of ore 
in the second process. 

'Jliis latter, as practised for the determination of the value of a 
parcel of ore, consists in selecting two of the l)est quality singles, 
resulting from perhaps four or five trials as above, and running 
them down with a few pounds of salt cake, or a mixture of salt 
ciihe with American potish, and (as is generally necessary) a small 
addition of ore. 

Upon the final result (confirmed perhaps on another pair of 
singles, and, judging from the total weight or output of the 
metal as calculated from the ore used in “ singling,” plu^ any 
added in the “ doubling,” the ciystallino fracture and faco of the 
metal, its colour, <kc.) the price to he oliered for the parcel of ore 
is fixed. 

WET METHODS. 

Dotection. — ^The antimony, if any, being got into solution by 
treating the ore with hydi'ochloric acid or aqua regia may lie 
detected by evaporating with hydrochloric acid, dduting, and 
filtering into the cover of a platinum crucible or (better) a pla- 
tinum dish. A small lump of zinc is then added, and, if antimony 
is present, the dish wdll in a minute or so be stained black with a 
deposit of metallic antimony. This stain is removed by nitiic, 
but not by liydroeliloric, acid. Tbo reaction is delicate and 
characteristic ; arsenic under like conditions is evolved as arseniu- 
i-etted hydrogen, and tin is deposited as metal m the Unc. 

Solution.— Ores, <fec., containing antimony are best opened up 
by boiling with bydrochloric acid or aqua regia ; treatment witk 
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nitric acid shouli mo avoided wherever possible, since it forms 
antinionic acid, wl i < ' . is subsequently dissolved ordy with dilUcu ' ty. 
Salts of aniimonv , solution have a tendency to form insoli- !e 
basic salts; so tha:. care must be exercised in diluting. C- '> 
pounds such as antimonite which are soluble in hydi'ochlo ' 
should be dissolved at once in that acid. 

Separation. — To the sohition add j.n>Lash in excess aful , i u* 
free sulphur, and j>asjs a current '^f sulpburotted hydrogen ior ^ . jc 
minutes; alhjv, fo digest for hour vv to on a Lot plate; tilt, 
and v/ash IL-' residue. x\cidulate the jiluate vi t hydrocLion • 
acid: t}i(3 pccripi^aic will contain the ;;Mnm>.ny (as 
pos'-i -ly arsenic r .mu Tlie precipit-ile i' o m JVri’cJ to a beaker 
■iTid b led with h} 1>’ ol: acid; t.he olulnui is iiliei-ed oil* and 

dilidt d. Add a few c, d.iv< v’ tartaric icid. .and pass a oovrent 
of snlphuretted hydrop > i< • -mo time. Hu lirst tb>e.>i;lcnt * 
prc(*ij *it(' 'dll become o iS' '• aad render he idu tijig more easy, 

T ram fer lot, precipita' 3 ^ fim visning fr<'{3 h'oni dilorides) to a 
Belli !iisli, ar(i treat C‘iiu.i-'uly with U u.ijk’ niiiie acid. The 
Mtioii of this a-id or. the suiui.; le is very vn*i?i t iCv.. >(,rato and 
ignite, transfer to a silver <tibh, and .use uitii four or live ti7n».'S 
its weight of caustic soda, cool . nd exli,u;t witli a h tile wafer, 
then add an equal volume of alcohol, and .dlow to shind ovenrghi. 
Filter, wash with dilute alcolud, (The liltrate will contain *the 
tin.) The residue contains the antimony as antimonato of soda, 
and is dissolved off the filter >\ith hot dilute hydrocldoric, with 
the h(>lp of a little tartaric, acid. The filtrate is now ready for 
the giuvimetric determination, 

V 

GRAVIMETRIC ASSAY. 

Pa^^fl a current of sulphuretted hydrogen tluough the solution 
containing tlie antimony to wliich a little tartaric acid has been 
previously added. Pass tlie gas till the predpitate becomes dense, 
and the antimony is all down. Tbo solution must not bo too 
strongly add. Filter off the predpitnte., wash with hot water, 
dry in the water oven, transfer to a weighed porcelain dbh, and 
cautiously treat with fuming iiitiic acid. Cuntinuc the action on 
the water hath till the sulphur and antimony ai-o completely 
oxidi.sed. Evaporate; ignite, gently at first, timn strongly over 
the blast; cool, and weigh. The re.ddue is a wliite infusible 
powder, and consists of antimony teti(*’d(lo, Sb^O^. containing 
78.94 per cent, of tbo metal. 

DetermlAation of Antimony as Bigallato.—What appars 
to be a very good method has been worked out by M. A. Guyard, 
end is described in Crookes' .Ve/ectE p. 398. * 
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The antimony must be in solution as antimonious chloride^ hykJ 
must not be accompanied by an excess of hydrochloric acid. Tl 
ensure those conditions, the solution is trcfited with potassiuat, 
iodide until no more iodine is evolved, and is then evaporated to 
remove the excess of hydrocdiloric acid. To the concentrated, and 
nearly neutral, solution a freshly-prepared solution of gallic acid 
is added in slight excess. A bulky white precipitate is formed 
that settles rapidly. The solution is diluted with hot water and 
washed by decantation. Then the precipitate is collected on a 
weighed double filter, washed once or twice with hot water, and 
dri^ at 100* 0. The dried substance is antimony bigallate, and 
contains 40.85 per cent, of antimony. It should be completely 
soluble in ammonium sulphide. The solution in which the anti- 
mony is precipitated need not be quite free from other metals. 

VOLTTMETRIC METHOD. 

This is based on the reduction of antiinonic chloridi (SbClJ to 
antimonious (SbOl,) by the action of potassium iodide in strong 
hydrochloric acid solution.* Iodine is at tJiesame time liberated, 
and the amount of antimony reduced is got at by titrating with 
sodium hyposulphite, which motisures the iodine set free. 

The standard solution of sodium hyposulphite is made by dis- 
solving 41.32 grams of the salt (Na,S,0„.5lI,0) in water, and 
diluting to i litre. One hundred c.c. will he equivalent to about 
I gram of antimony. 

It is standardised with the help of a solution of antimony , in de 
as follows : — Weigh up 5 grams of jjowdered antimony, tran.sfer 
to a flask, and cover with 50 c.c. of liydrochloric iicid ; boil, and 
add nitric acid (5 or 10 drops at a time) until tho metal i.s dis- 
solved. Allow the action of the nitric acid to cease before adding 
more. Boil down to a small bulk, add 250 c.c. of hydrochloric 
icid, and dilute to nearly i litre. Warm until any precipitate 
which has formed is redissolved ; allow to cool slowly, and run in 
from a pipette a weak solution of permanganate until a hunt 
b’-own colour is produced. Dilute to exactly i litre; 100 c.c. 
contain 0.5 gram of antimony as antimonic chloride. 

In standardising, take 50 c.c. of the antimony solution, and 
transfer to a flask ; add 2 grams of potassium iodide crystals, and 
when dissolved, after standing a few minutes, run in the solution 
of “ hypo ” from an ordinai'y burette until the greater part of the 
iodine has been reduced. Add a few drops of starch solution, and 
continue the addition of the “ hypo ” until the muddy -green colour 

• SbCl, + 2KI = I, + SbCl, + 2Ka 
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changes to a clear brownish-yellow. The solution must be shaken 
after each addition of the “ hyjK).” 

Jn determining antimony in ore, weigh up 0.5 to t gram, and 
dissolve in Ijydrochloric acid with, if necessary, the help of clilo 
rate of potash. Tlie antimony is sepaiut-CHl as sulphide, redis- 
solved in hydrochloric acid, and oxidised with a crystal of chlorate 
of potash. Chlorine is boiled olT, and the solution diluted with 
an equal bulk of water. To the clear cold solution })otas.dum 
iodide is added, and after a few minutes the libeiuted iodine is 
titrated with “hypo,” as already described. The method only 
yields satisfactory rosulte when the standard and asoay ai’e carried 
out alike. 
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CHAPTER XI. 

IROIT— NICKEL - COBALT -ZINC CADMIUM. 

[RON. 

ludN viist.s or oxidises very resulily, and, coTisequenily, is rarely 
found in the luelallic state in nature: sucli nanve iron as is found 
beiii^.,' generally of nic'teorie origin or imbedded in b:usalt and other 
igneous rocks. It chiefly occurs as oxide, as in magnetite, hiema- 
tite, and in tli(» brown iron orths and ochres. Chalybite, which is 
carbonate of ii'on, is an ore of great importance. Iron is found 
combined with .sulj)hur in pyrrhotine and pyrites, and together 
witli arsenic in mispickel. It is a common constituent of most 
rocks, im}>arting to them a gr(‘en, bhick, or brown colour; and i? 
present, eitlier as an essential part or as an impurity, in most sub- 
stances. 

The chemistry of iron is somewdiat complicated by the existence 
of tw'o oxides, each of wliich gives rise to a well-marked series of 
compounds. Those derived from the lower oxide, known as 
fciToUvS salts, are generally pale and greenish. Ferric sirtts are 
derived from the higher oxide, and are generally red, brown, or 
yellow. The exist^cnce of these two well-marked families of salts 
renders the assay of iron comparatively easy, for the quantity of 
iron present in a solution can be readily meiisured by tho amount 
of oxidising or reducing agent rcquii ed to convert it from tho one 
state into the othei' -that is, from feri-ous to ferric, or from ferric 
to ferrous, as the case may be. 

In tho red and hrov n ii'on ores and ochres ferric iron is 
present ; in chalybite the iron is in the feiTous state ; and in iiiag- 
fU'tiie it is present in both forms. IVaces of iron in tho ferrous 
state may ho found (even in the presence of much ferric iron) by 
either of the following tests : — 

I. Ferricyaiiide of potassium gives a blue precipitate or green 
coloration ; with ferric salts a brown colour only is pi*o- 
cluccd. 

i, A solution of permanganate of potassium is decolorised by a 
feiTOUS sjilt, but not by a ferric one. 
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Traces of ferric iron can be detec<,(‘d (even in the presence of 
much ferrous irori) by tJio followiii^; tests: — 

(t) J>y tlie )>rown or yellow colour of the solution, especially 
wJien hot. 

(2) l]y ^^ivin,£^ a pink or red coloration with sulphocyanide of 
potassium. 

Substances containing o:fide of iron yield tlie whole of the iron 
as mi‘tiil when fused at a high temj>erature with charcoal and 
suitable fluxes. 'J’he metal, however, will contain varying propor- 
tions of carbon and other impurities, and its weight can only aftbrd 
a rough knowlc<lgc of tlio proportion of the metal in the ore. 
Then^ are two or thi’<je methods of dry ttssfiy for irem, but they are 
not only inexact, but more troublesome than the wot methods, 
and need not be further considered. Chalybite and the hydrated 
oxides dissolve very readily in hydrochloric acid ; hematite and 
magnetite dissolve with ratlier more difficulty. Iron itself, when 
soft, is easily solubio in dilute hydrochloric, or sulphuric, acid. 
Pyrites, mispickel, A’c., are iiis^dublo in hydrochloric acid, but they 
are readily attackcul by nitric ariil. Certain minerals, such as 
chrome iron ore, tibiniferousirc n ore, and some silicates containing 
iron, renuiin in the I'csidiie insoluble in acids. Some of those yield 
tlieir iron W'hen atta(?ked with strong sulphuric acid, or when 
fusf‘d with the acid sulphate of potash. Generally, however, it is 
better in such stnbboi*n cases to fuse with carbonate of soda, and 
then attack the “ nndt ” with hydioehloric acid. 

When nitric acid, or the fusion method, has been used, the 
metal will he in solution in the feiTic slate, no matter in wdiat 
conditten it existt‘(l in the ore, Put with dilute hydrochloric or 
sulphuric acid it will retain its former degree of oxidation. Hydro- 
chloric acid, for example, wdth chalybito (ferrous carbonate) will 
give a solution of /erron^ cliloride; with hsematite (ferric oxide) 
it will yield /erric chloride; and with magnetite (ferrous and 
ferric oxides) a mixture of ferrous and ferric chlorides. Metallic 
iron yields sohitioTis of fernms salts. It is convenient to speak of 
the iron in a ferrous sjilt as ferrous iron, and when in the ferric 
state {l^ ferric Iron. Frequently it is required to determine how 
much of the iron exists in an ore in ejich condition. In such cases 
it is necessfiry to keep off the air whilst dissolving ; the operation 
should, therefore, be performed in an atmosphere of carbonic 
acid. 

. Separation. — ^The separation of the irot from the other sub- 
stances is as foUow'S : — Silica is removed by evaporating the 
acid solutioif, and tiiking up with acid, as described under 
Silica; the vholo of the iron will be in solution. The metals of 
Groups I. and II. are removed by passing sulphuretted hydrogen. 



and at the same tune the iioii will he redured to the ferrous 
slate. The solution should he filtertnl into a i6 oz. flask, boiled 
to get lid of the gns, .*nd treated (whilst boiling) with a few 
drops of nitric. acid, iu or<ler to convert the whole of the iron into 
the ferric state. When this condition is arrived at, an additional 
drop of nitric acid causes no dark coloration. I lie boiling must 
be continued to remove nitrous fumes! Next add caustic soda 
solution until tlie colour of tlie solution changes from yellow to 
red. The solulion mast bo free from a precipitate; if the soda be 
incautiously added a permanent precipitate will be foriiied, in which 
case it must be redis-solved with hydrochloric acid, and soda again, 
but more cautiously, added. After cooling, a solution of sodium 
acetate is added until the colour of the solution is no longer 
darkened. The solution, diluted to two-tliirds of the flaskful 
with water, is heated to boiling. Long- eon tinned boiling must be 
avoided, i’he precipitate is filtered quickly through a large filter, 
and washed witli hot water contuMini^ a little acetate of soda. 

The precipitate will contain all the iron and may also contain 
alumina, chromium, titanium, as well as phosphoric, and, per- 
haps, arsenic acids.* 

Dissolve the invcipitate ofl* the filtcT with dilute sulphuric acid, 
avoiding excess, add ttirl arie acid and tl»en ammonia in excess. Pass 
sulphuretted hydrogen, warn, and allow the precipitate to settle. 
Filter and wash with water containing a little ammonie sulphide. 

QBAVIMETEIC METHOD. 

Dissolve the precipitate in dilute hydrochloric acid ; peroxidLse 
with a few drops of nitric acid and boil, dilute to about :«oo c.c., 
add ummonia (with constant stirring) till the liquid smells of it, 
and heat to boiling. Wash sis miudi as possible by decantation 
with hot water. Transfer to the filter, and wash till the filtrate 
gives no indicfiiion of soluble salts coming through. The filtrate 
must be colourless and clear. The wot precipitate is very biilky, 
of Ji dark-brown colour and readily soluble in dilute acids, but in- 
soluble in ammonia and dilute alkalies. When thrown down 
from a solution containing ether metals it is very apt to carry 
portions of these with it, even when they are by themselves very 
soluble in ammonlieal solutions. It must be dried and ignited, 
the filter paper being burnt separately and its ash added. When 
further ignition cesises to cause a loss of weight, the residue is 
ferric oxide (Fe, 0 ,), which contains 70 per cent, of iron. The 
weight of iron therefore can bo calculated by multiplying the 
weight of oxide obtained by 0.7. 

♦ When chroniinra in present some of the iron may escape precipitation 
but it can be recovered horn the solution by means of ammomc sulphide. 
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The prescneo of ammonic chloride causes loss of iron during 
the ignition, and organic luntter causes an apparent Jo£5S by re* 
dueing the iroTi to a lower slate of oxidation. When the iron in 
the solution much exc(‘(‘(ls 0.2 gi-am the volumetric determination 
is g(*uerally adopted, as the bulkiness of the precipitate of ferric 
hydrate makes the gravimctrht method very inconvenient. 

VOLUMETRIC METHODS. 

Ah already (Lvplairuid these are based on the measurement of 
the volume of a reagent recpiirtal to bring the whole of the iron 
from tlie fenous to I ho fen-ic state (oxidation), or from the ferric 
to the ferrous I’ri'duclion). Ferrous compounds are converted 
into ferric hy the atdion of an oxidising ag(‘iit in the j)resenco 
of an acid, ihther peimanganate or hhdii'omate of jiotash is 
ge?a‘rally used for this purpose.* 

Ferric compounds are reduced to ferrous by the action of 

(j) Stannous chloride ; ’ 

(2) Sulphuretted hydrogen, j 

(3) Solium sulphite ; or 

(4) Zinc.f 

The processes, then, may be divid<d[ into two kinds, one based 
on oxidation and the other on retluction. Tn each case the titra- 
tion must }>e preceded by an exact preparation of the solution to 
Iwj assayed in order that tlio iron may bo in the right state of 
oxidation. 

PERMANGANATE AND BICHROMATE METHODS. 

These consist of three operations ; — 

( 1 ) Solution of the ore ; 

(2) II eduction of the iron to the ferrous state; and 

(3) Titration. 

Solution. — Tiie only point to be noticed concerning the first 
operation (in addition to tiiose already mentioned) is that nitric 
acid must be absent. If nitric acid h.as been used, eva]iorate to 
dryness, of course without previous dilution ; add hydrochloric or 
suljthuric acid, and boil for five or ten minutes. Diluio with 
water to about 100 e.c., and warm until solution is eompletc*. 

Tho reduction is performed by either of the following 
methods 

* (I) ioFcS04+2KMnO<+8n2SO,= 5Fe2(SOd,-4 -MiiSO,+K„SO^ -t-SILO. 

’ ( 2 ) 6FeC], + K.,Cr,0,+ i4UC’l=3Fe,Cl.+ Cj-,C!,+2KCU 7Hlt). 

t (I) Fe,,Cl«+STiCls= 2 Fcn, + SnUh. 

(2) Fo.,CL-PSH,=2FuCh+2llC] + S. 

( 3 ) Fe 2 CLj-Na„SO, + 11,/)=: zFeCL,+Na,SO,-f aHCl 

(4) Fe,Cl.+Z^2feCl. ' ZnCh- 
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1. With Stannous Chloride . — Fill a bnrettfi with a solution of 
stannous chloride and cautiously run the liquid into the hot 
assay solution (in which fhe iron is present as chlorith) until the 
colour is discharged. A largo excess of the stannous chloride 
must be avoided. Then add 5 c.c. of a 2 J per C‘'nt. solution of 
mei curic chloride, this will cause a white procipi.,a(e (or a, grey 
one if too large an excess of the stannous cldoride has been 
added). Tloil till the solution chvirs, cool, dilute, and titrate. 

2. With Sulphuretted Ihjdroijm , — Cool the solution and pass 
through it a (jurrent of washed sulphuretted liydrogen till the 
liquid smells strongly of the g;is after withdrawal aiul .'h.ikitjg. 
A white [)recipitate of sulphur will be formed, this will not' intei*- 
fere with the subseepumt titration provided it is precipitited in 
the cold. If, however, the preciplbito is coloured (showing the 
pn'seiice of the second group im^tals), or if tL*‘ precipitation has 
been «irried out in a hot solution, it should be filtered olf. Jloil 
the solution until the sulphurettcu hydrogen is driven off; this 
may be tested by holding a strip of filter paper dipped in lead 
acetate solution in the steam issuing from the flask. The pi'C- 
scnce of suljdiurcttcd hydrogen sliould be looked for rather than 
its absence. It is well to continue llio boiling for a few minutes 
after the gas has been driven oflf. Cool and titrate. 

3. With Sodium Sulphite . — Add ammonia (a few drops at a 
time) until tlio precipitate first formed redissolves with dilliculty. 
If a permanent precipitate is formed, redissolve with a f(‘w drops 
of acid. To the warm solution add from 2 to 3 gi’ams of sodium 
sulphite crystals. The solution will become strongly coloured, 
but the colour will fade away on standing for a few minute.'-# in a 
warm plnce. When the colour i.s quite removed, add 20 c.c. of 
dilute sulphuric acid, and boil until tbc steam is quite free from 
tlio odour of sulphurous aci<l. Cool and titrate. 

4. With Zinc . — Add about 10 grams of granulated zinc; if the 
hydrogen comes ofl' violently add water; if, on the other haTul, 
the action is very slow, add sufllcient dilute sulphuric acid to 
keep up a brisk eflervescence. The reduction is hastened by 
warming, and is complete when the solution is quite colourless 
and a drop of the liquid tested with sulphocyanato of potassium 
gives no reaction for feme iron. Filter through “ glass wool ” or 
quick filtering paper. The zinc should be still giving off ga.s 
rapidly, indicating a freely acid solution ; if not, acid must be 
added. Wash with water rendered acid. Cool and titrate. 

With regard to the relative advantages of the different methods 
they may be roughly summed up as follows: — Tlie stannous 

* 20 grams of stannous ctioxide and 20 c.c. of dilute hydrochloric acid 
•xe diluted to one litre. 
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chloride meUiod hfw tlie ad vanta ge of immedialcly reducing the 
ferric irou vvhefcJior in hot or cold solution and under varied con- 
ditions in j'cgard to acidity, but has tljc disadvantage of similarly 
reducing salts of copjier and antimony, which, in a subsefinout 
titration, count as iron. Moreover, tliere is no convenient method 
of eliminating any large excess of tlie reagent that may have 
been used j and, (|ouse(juently, it either leaves too muc*h to the 
judgment ol the f)[)ei‘!ttor, or entails as mmdi cjire as a titration. 
Students generally get. good results by this method. 

The .sulphuretted hydrogen nmthod also has the advantage of 
quick reduction under varying conditions, and the further one of 
adding nothing objectionable .to the solution ; in fact it remr)V 03 
certain impurities. The dlsjid vantages are the nece'.sity for boil* 
ing otr the excess of the gas, and of filtering ott“ tlie precipitated 
sulphur, although this last is not necessary if prceipitai.ed cold. 
The tendejKiy with students is to get high results. The sodium 
fiul[»hite method has the advantages of being clean and nc'at, and 
of requiring no liU rati<m. On tlie other hand it reipiires practice 
in obtaining the best conditions for complete reduction ; and, as 
with sulphuretted hydrogen, there i-’ the neccsdt.y for boding off 
the gas. while there is no simple and dolj'catc test for t he residual 
sulphurous juad. Tn addition, if an excesf of sodium 'julphite lias 
been used and enough acid not .subsequently added, the e.\e(*ss will 
count fis iron. Stiidmits generally get low 1 omlt-b by t his method. 

The advantages of the zinc meth(*d are, that it is easily worked 
and that the excess of zinc is readily removed by simyily filtering. 
The disjid vantages ai’C the slownes'-* with whiidi the last portions 
of fem’ic iron are reduced, the tlanger ol lo^s by ellerveseeiice, the 
precipitation of basic salts, and, {Hirhaps. of iron, and the loading 
of the soluti/m with salts of zinc, which in the titration with 
bichromate have a prejudicial etiect. The tendency in the hands 
of students is to get variable results, sometimes low and some- 
times high. 

Genei'ally speaking, the sulphuretted hydrogen and sodium 
sulphite methods are to be preferred. Carefully worked each 
method wdll yield good results. 

Thj9 titration may be done with a standard solution of (i) per- 
manganate of potash, or (2) bichromate of potash. 

I. WUh Permanganate of Potash. — Prepai’o a standard solution 
by dissolving 2.82 grams of the salt and diluting to one litre. 
The strength of this should be 100 c.c. =*:.5 gram of mon, but 
it varies slightly, and should be determined (and afterwards 

* The maximum reducing effect of zinc is obtained by exposing as large 
a sui face as possible of the metal in a hot concentrated Bolution contaimiig 
hut little free acid (Thorpe). 
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checli:ed every two or three weekfi) by wei"hin" np 0.2 gram of 
iron wire, dissolving in 10 c.c. of dilute sulpliuric ;u*id, diluting to 
about 100 C.C., and titrn'ing. 

The standard solution must be put in a burette with a glass 
stopcock, as it attacks india-rubber. The assay should be con- 
tained in a pint flask, and be cooled before titjii’ Mjg. The stan- 
dard solution must be nm hi until a pinkish tinge permeates the 
whole solution ; this must be taken as theflnisbing point. When 
certain inteifering bodies are present this colour quickly fades, 
but. ihe fading must be ignored. With pure solutions the colour 
is fairly permanent, and a single drop of tho potassium pennan- 
gaiiatc solution is suflicient to determine the finishing prant. 

2. With Jiicliromate of Poldsh . — Prepare a standard solution by 
dissolving 4.39 grams of the powdered and diicd salt in water, and 
diluting to i litre. This solution is permanent, its strength is de- 
termined by dissolving 0.2 gram of iron wire in 10 c.c. of dilute 
sulphuric acid, diluting to about a quaj-ter of a lit re, and titrating. 

Also prepare a test solution by dissolving 0.1 gram of ferri- 
cyanido of potassium in 100 c.c. of water. This solution does not 
keep well and must be freshly prepared. 

An ordinary burette is used. ^J"he assay is best contained in a 
glazed etirtlienware dish, and may be titrated hot or coM. To 
determine the finishing point, place a series of drops of the 
ferricyanide solution on a dry white glazed plate. The drops 
should he of about the same size and bo placed in lines at fairly 
equal distaiu^es. The bichromate is run in, in a steady stri‘am, 
the assay solution being continuously siiri-ed until the reliction is 
sensibly slackened. Then bring a di'op of the assay wit^ the 
stirrer in contact with one of the test drops on the plate. The 
standard can be safely run in 1 c.c. at a time, so long as tire test 
drop shows signs of a precipitate. When only a colomtion is 
produced run in cautiously a few drops at a time so long as two 
drops of the assay gives with the test a colour which is even 
faintly greener than two drops of the assay solution placed along- 
side. The finishing point is decided and practically permanent, 
although it demands a little practice to recognise it. The titra- 
tion with permanganate of potassium has the advantage of a more 
distinct finishing point and easier mode of working ; its applica- 
tion, however, is somewhat limited by the disturbing eflccts of 
hydrochloric acid. The bichromate method has the advantage of 
a standard solution which does not alter in strength, and the 
further one of being but little afifectod by altering conditions of 
assay. Hydrochloric acid has practically no eflect qp it. Both 
methods give accurate results and are good examples of volumetric 
methods. 
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The following rosulls illustrate the ex<ent to which the methods 
may be relied on ; and the iiilluenco which the various conditions 
of experiment have on the assay. 

Solutions of ferrous sulphate and of ferrous chloride were made 
containing 0.5 gram of iron in each 100 cc., thus corresponding 
to the standard solutions of permanganate and bichromate of 
potassium. I'hese last wei-e prepared in the way alieady de- 
scribed. The solution of ferrous sulphate was made by dissolving 
5.01 grams of iron wire in 100 c.c. of dilute sulphuiic acid and 
diluting to i litre. A similar solution maybe made by dissolving 
24.82 grams of pui’e ferrous sulphate crystals in water, adding 
100 c.c. of dilute sulphuric acid, and diluting to i litre. 

Eato of Oxidation by Exposure to Air. - 'I’his is an im- 
porttiiit (joiisideratioii, and if tiie rate were at all iMpid would 
have a serious induenec 011 the maniuT of working, since exidn.sioii 
of air in the vaiioiis oj^oratioiis would be tr(>uhlesome. 20 c.(;. of 
the solution of ferrous siilp'liate Avero t.ak(‘n in eacli experiment, 
acidilhid with 10 c.c. of dilute sulphuric acid, and diluted to 100 
C.C. Tlie solution was exposed, cc»ld, in an o])en beaker for ^'ary- 
irig longtlis of time, and titiated with permanganate of pot assium. 

Time exposed . . i hour i day 2 days 3 (lays 

C.C. required . . , 19.2 19.1 19*0 


These results show that the aimosphei‘ic oxi<lation in cold solu- 
tions is unimportant. With boiling solutions tbc results are 
Bomcwliat ditlerent; a solution which at tlio outset required 20 c.c. 
of pA’manganaie of potassium, after boiling for an Imiir in an 
open beaker (without any precautions to prevcuit oxidation), 
water being added from time to time to replace that lost by 
evaporation, required 19.2 c.c. If the solution bo evjiporated to 
dryness the oxidising power of concentrated sulphuric acid comes 
into play, so th.at very little feiTOUS iron will bo left. A solution 
evai)ora'tcd in this way required only 2.2 c.c. of permanganate of 
potassium. 

Effect of Varying Temperature.— In these experiments tlie 
bulk was in each case 100 c.c., and 10 c.c. of dilute sulphuric acid 
were present. The permanganate reejuired by 


i c.c, of ferrous sulphate was, at 
10 „ „ H 

100 „ II >1 


15" i.o C.C., ami at 70* 
9-7 
97-7 


1. 1 C.C. 



The lower result with the 100 c,c. may be due to oxidation from 
exposui’e. * 
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Effect of Varying Bulk. — The following experiments show 
that considerable variations in bulk have no practicjal ellect. In 
each case 20 c.c. of ferroTis sulphate solution and 10 c.c. of dilute 
acid were used. 

bulk of as'^ay , . . 30 c.c. 100 c.c. 5oof',.c. 1000 c.c. 

rernatiyanuto required . 20.0,, 2ao 20.5,, 

Effect of Freo Sulphuric Acid. — Fi ee acid is necessary for 
Ibese assays ; if tliere is an insulliciency, the assay solution, instead 
of immediate ly decolorising tlio permanganate, assumes a brown 
colour. The addition of 10 c.c. of dilute sulphuric acid suffices to 
meet j-e(|uir(‘Tnonts and keep the assay clear throughout. Tho 
following exporijnents show tliai a considerable oxc(iss of acid 
may bo used witljont in the least affecting the results. In each 
c.‘is(‘ 20 c.c. of ferrous siilpluite were used. 

Di!ut(y .sul- 
phuric acid I.OC.C. 5.0 c.c. lO.OC.C. 20.0 c.c. 50.0 c.c. 100.0 c.c. 

Pcrmanjr.'iuatG 

required . 19.3 „ 19.3 „ 19.3 „ 19.3 ,, 19.3 „ 19,3 „ 

Effect of Foreign Salts. — When tho assay has been reduced 
with zinc varying (jminiities of salts of this metal pass into solu- 
tion, tho amount depending on the quantity of acid and iron 
present. Suits of sodium • or ammonium may similarly be intro- 
tluced. It is essential to know by experiment that these salts 
domot exert any ellect on the titration. The following series of 
experiments show that as mucli .as 50 grams of zinc sulphate may 
be present without interfering. 

Zinc .snljiluatc prc.scnt . o gram i gram 10 grams 50 ^rami 

Permanganate required . 19.30.0. 19.3 c.c. 19.3 c.c. 19.3 c.c. 

IMagnesium, sodium, and ammonium salts, are equally without 
effect. 


Ainmonic sulphate present 

, c giam 

I gram 

10 grams 

Permanganate required , 

. 19.3 c.o. 

19.2 c.c. 

19-3 C.C. 

Sodie sul[)hate present 

. 0 gram 

I gram 

10 grams 

Permanganate required . 

, 19.3 C.C. 

19.3 c.c. 

19.3 C.C. 

Magncsic sulphate present 

V 0 gram 

I gram 

TO grams 

Permanganate required . 

. 19.3 C.C. 

19.3 c-t- 

19.3 c.c. 


Effect of Varying Amounts of Iron.— It is important to 
know witliin what limits the quantity of iron in an assay may 
jsafely vary from tliat used in standardising. In the following 
experiments the conditions as to bulk, acidity, and mode of 
working were tho same as before : — 

Ferrous sulphate solution taken i c.c. 10 c.c. 20 c.c. 50 c.c. too c.o. 
Permanganate required . .1.0,, 9.7,, 19.6,, ’4S9,, 97.7 h 



240 




The ferrous sulphate solution is here a little weaker than that 
of the permang-anate of potassium, but the results show that the 
permanganate required is proportional to the ii’on present. 

Titrations in Hydrochloric Solutions. — These are less 
satisfactory than tliose in sulphuric solutions, since an excess of 
hydrocljloric acid decomposes permanganate of p{>tassium, evolv- 
ing chlorine, and since tlie finishing point is indicated, not by the 
persistence of the pink (;olour of the pemifinganate, but by a 
brown coloration probably due to perchloride of manganese. 
Neverthch'ss, if the solution contains only from 5 to 10 per cent, 
of free hydrocliloric ncid (sp. g. 1.16) the results are the sfime as 
those obtained in a sulphuric acid solution. Equal weights 
(o.i gi-aiii) of the same icon wire required exactly the same 
quantity of the permanganate of potassium solution (20 c.c.) 
wlietlier the ii-on was dissolved in dilute sulphuric or dilute 
liydrcxdiloric acid. The following senes of experiments are on 
the same plan as those gken above with sulphuric acid solutions. 
A solution of ferrous cliloride was made by dissolving 5.01 grams 
of iron wii B in 50 c.c. of liydroehloric mid and diluting to 
I litre. The dilute hydroehforic acid was made by mixing equal 
volumes of the Jicid (sp. g, i.io) and water. 

Kate of Atmospheric Oxidation.— 20 c.c. of the ferrous 
chloride .solution were acidified with to c.c. of the dilute hydro- 
chloric acid and diluted to 100 c.c. This solution was exposed cold 
in open beakers. 

Time exposed . . — i hour I day 2 days 3 days 

Permanganate required 19.6 c.c. 19.6 c.3. 19.5 c.c. 19.4 co. 19.5 c.c. 

Similar solutions boiled required, before boiling, 20 c.c. ; after 
boiling for one hour, replacing the water as it evaporated, 19.3 
c.c. ; and after evaporation to a paste and ^dissolving, 17.0 c.c. 

Effect of Varying Temperature. — Solutions similar to the 
last were titrated and gave the following results : — 

Temperature . . .15* 30* 50* 70* 

rermangunute required . 19.8 o.c. 19.6 o.c. 19.5 c.c, 19.40.% 

Effect of Varying Bulk. — As before, 20 c.c. of the iron solo. 
tioii,^and 10 c.o. of the dilute acid wei’e diluted to the required 
volumes and titrated. 

Bulk 30 C.O. 100 C.C. 500 0 . 0 . 1000 0 . 0 . 

Permanganate required . 20.4 „ 20.3 „ 20.S „ 21.5 „ 

The variation due to difference in bulk here, although onlj 
equal to an oxce.ss of 0.7 milligram of iron for each 100 c.c. oi 
dilution, are about three times as great as those observed in a 
sulphuric atcid solution. 
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Effect of Free Ilydi'oohloric Acid. — Jn these experiments 
JO c.(?. of tlie ferrous chloride solution were used with varying 
quiiLitities of acid, the I* dk of the assay in each case being 100 c.c. 

Dilute acid present . . 5 c.c, 10 c,c. 50 c.c. luo c.c, 

Periuaiiganate required . 20.2 „ 20.2 »» - S $, 21,0 „ 

Tbo last liad a veiy indistinct finishing point, the brown color- 
ation being very evanescent. Tlie effect of the acid is modified by 
the presence of alkaline and other sulphates, but not by sulphuric 
vuid. Jh'peatijjg the last experiment we got — 

AVitbout further addition ...» 21.0 g.(X 

With 100 c.c. of dilute sulphuric acid . , 22.0 „ 

„ 10 a ms amrnonie sulphate . . . 20.5 „ 

„ 10 ,, .M»dio sulphate . . , , 20.0 „ 

„ 10 ,, magnesium sulphate . . 20.4 „ 

„ 10 „ mangancso sulphate • . 20.2 „ 

The resuhs with these salts, in coimtcriicting the interference 
of file acid, however, wcto not a complete succe.ss, since the ond- 
rea(‘tions w<M*e all indistinct, with the exception, perhaps, of that 
with tlie nmiiginiese snlplmte. 

Effect of Varying Amounts of Iron. — In these experiments 
the bulk of the assay was 100 c.c., and 10 c.c. of acid were pre- 
B('nt. 

Ferrous chloride used . i c.c. 10 c.c. 20 c.c. 50 c.c, 100 c.c. 
Permanganate required i.i „ 10.3 „ 20.3 „ 50.4 „ 100. i „ 

In making himself familiar with the permanganate of potassium 
titration, llu; student should piuctiso by working out a series of 
experiments similar to the above, varying hia conditions 01*.* at a 
time so as to be ceitain of tlio causo' of any variation in Jiis results, 
lie may then proceed to experiment on the various methods of 
reduction. 

A solniian of ftrric chloride is made by dissolving 5.01 grams of 
iron wire in 50 c.c. of liydrochloric acid (sp. g. 1.16), and running 
from a burette nitric aciil diluted with an equal volume of water 
into tho boiling iron solution, until the liquid changes from a 
black to a rodilish yellow. About 4.5 c.c. of the nitric acid will 
be required, and the linishing point is mai*ked by a brisk eller- 
vesfjence. The solution of iron should be contained in an evapor- 
ating dish, and boiled briskly, with constant stirring. Thei-e 
should be no excess of nitric acid. Boil down to about half its 
Dulk ; then cool, and dilute to one litre with water. Tw'cnty c.c. 
of this solution diluted to 100 c.c. with water, and Jicidificd with 
10 c.c. of dilute hydrochloric acid, should not decoloiise any of 
the permanganate of potassium solution ; this shows the absence 
of ferrous salts. And 20 c.c. of the same solution, boiled wi^ 
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20 C.C. of the ferrous sulphate solution, should not deereaso th* 
quantity of “ permangaiuite” required for the titration of the 
ferrous sulphate adfle(l. In a series of experiments on the various 
metlu)ds of reduction, the following results were got. The modes 
of working were those already dep.crihed. 

(1) With Stmniovfi Chloride. — Twenty c.c. of the ferric; chloride 
solution r(‘(juired, affi;r rtKluetion with stannous chloride, 20 c.c. 
of “ permangjmate.” Fifty c.c. of a solution of ferrous chloride, 
which requii'cd on titration 49.8 c.c. of “permanganate*,” j-eqiiirod 
for re-titration (after suhsequent reduction with stannous chloride) 
50 c.c. of tin* ]>enniinga.nate solution. 

(2) With aS id I hit retted Uydrogm. — Two ex jw-‘rini cuts with this 
gas, using in each 20 c.c. of tin; ferric chloride solution, and 10 c.c. 
of hydrochloric acid, r(*fjuired (after reduction) 20.2 c.c. and 20.1 
c.c. of “ permanganate.” lle})eating the experiments by passing 
the giis through a nearly boiling solution, but in other resj)ects 
working in the same way, 21.3 (:.c. and 21.6 c.c. of the perman- 
ganate solution W('re required. Tlie sulphur was not filtered off 
in any of these. Jn aiioihei ^xj^criment, in which 50 c.c. of the 
ferrous sulphate solution \v(*re titrated with “permanganate/’ 
48 c.c. of the latter were required. The titrated solution was 
next ]‘edn(.‘ed with sulphuretted liydrogen, hionght to the sjune 
bulk as before, and again titrated ; 47.9 c.c. of the permanganate 
of potassium solution were required. 

(3) With Sodivm Sulphite, — Twenty c.c. of tlie feme chloride 
solution, reduced with sodium sulphite, re(|uir(Ml 19.9 c.c. of “ per- 
manganate.” Ju one experiment 50 c.c. of the lerr<m.s sulphate 
sohitJoii were titrated with “permanganate;”; 49.3 c.c. of the last- 
mentioned solution were required. ’J’he titrated solution was re- 
duced with sodium sulphite, and again titrated ; it required 
49.2 c.c. of the permanganate of pobi.ssium solution. 

(4) With Zinc. — Twenty c.c. of the ferric chloride solution, ro- 
duced with zinc and titrated, required 20.8 c.c. of “ permanga- 
nate.” Fifty c.c. of a solution of feiTons .sulpliate wliich inquired 
49.7 c.c. of “ permanganate,” required for re-titration, after I'eduo- 
tion with zinc, 49.7 c.c. 

Tlie student should next practise the titration with bichromate, 
which is more especially valuable in the estiniation of hydrochloric 
acid solutions. The following experiments are on tlie same plan 
as those alre.'idy given. In each experiment (exec;pt when other- 
.wise stated) there wei’e pre.sent 20 c.c. cf the f(*iT0us chloride 
solution, and 10 c.c. of dilute hydrochloric acid, and the bulk was 
300 c.c. 

Effect o£ Varying Temperature. — ^The quantities of the bi- 
chromate of potassium solution required were as follows : — 
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Temperature . • * 5 * 30* 7 o* loc* 

Biclii oiiuite required . 20.2 c.c. 20.3 c.c. 20.3 c.c. 2a 4 

Effect of Varying Bulk,— 

Bulk. . . .50 c.c. 100 c.c. 200 c.c. 500 c.c. 1000 oc. 

Bichromate required 20.4 „ 20.4 „ 20.4 „ 2> 5 „ 20.8 .. 

Effect of Varying Acid. — In these, varirible qnaTitifciee of 
dilute Ijydroeliloric acid were nsu<l. 

Acid [uc^eut . . . .10 c.c. 50 c.c. 100 C.C. 

Bic.il 10 unite required . .20.3 „ 20.3 ,, 20.2 „ 

Effect of Foreign Salts. — d’he ellect of the audition of 10 
gr-Miis of ci-ystallizcd zinc sulphate vvaij to decrease tlie quantity of 
“ hicliiouinte” required from 20.3 c.t 5 . to 20.1 c.c., hut the colour 
produced witli the test-drop \v«is very sliglit at 18.5 c.c., and with 
iiK'auiious work the hnisliing point might have been taken any- 
wli('re hetw(‘en those extremes, .should not be used as a 

reducing agent pKiliiniiiary to a ‘‘bichromate” titration. Ten 
grams of ammouie sulphate had the effect of rendering the finish- 
ing point faint for about 0.5 c.e. before the titration was finished, 
hilt tliere »as no doubt alx>ut the finishing point when allowed to 
stand foi' a minute. The student should note that a titration is 
not completed if a colour is developed on standing for five or ton 
minutes. Ten grams of sodic sulphate had no elfeet; 20.30.0. 
were required. 

Effect of Varying Iron, — The results arc proportional, as 
will be seen from the following details : — 

Ferrous chloride • 

prusent . .1.0 C.C. lo.o C.C. 20.0 c.c. 50.0 c.c. 100.0 C.C. 

Bichionialc re- 
quired . . 1.0 „ 10.2 „ 20.3 „ 51.0 „ 102.3 „ 

The student may now apply tliese titrations to actual assays of 
minerals. The following examples wih illustrate the mode of 
woi'king and of calcnl.ating the results : — 

Determination of Iron in Chalybito. — Weigh up i gram 
of the dry powdered ore, and dissolve in 10 c.c. of dilute sulphuric 
>icid and an equal volume of watei* with the aid of heat. Avifid 
evaponiting to dryness. Dilute and titrate. The result will give 
the percentugc of iron existing in the ore in the ferrous state. 
Home ferric iron may ho present. If it is wished to determine 
this also, add (in dissolving another portion) 10 c.c. of dilute 
hydrochloric acid to the sulphuric acid already ordered, and redu(;e 
the resulting solution before titrating. By dissolving and titrating 
(without previous reduction) one has a measure of the ferrous 
iron present ; by dissolving, reducing, and then titrating, one c%p 
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measure tlie total iron ; and as the iron exists in only two con- 
ditions, the total iron, less the ferrous iron, is the measure of the 
ferric iron. 

Determination of Iron in Brown or Red Ores or Mag- 
netite. — Weigh uj) 0.5 g]-am of the ore (powdered and dried at 
100“ (1.), and dissolve in from 10 to 20 c.c. of strong hydrochloric 
acid, boiling until all is dissolved, or until no coloured particles 
are left, J)ilute, reduce, and titrate. 

Determination of Iron in Pyrites. — Weigh up i gjam of 
the dry powdered ore, and place in a bealo'r. Cover with 10 c.c. 
of strong sulphuric acid, mix well by shaking, and phu'(!i on the 
hot plate without further Jiandling for an hour or so until the 
action bus ceased. Allow to cool, and dilute to 100 c.c. Warm 
until solution is complete. Reduce^ and titrate. 

Determination of Iron in Substances Insoluble in 
Acids.— Weigh up 1 gram of the oie, mix vvitli 5 or 6 grams 
of (jarhouato of soda and 0.5 gram of niti’e by rubbing in a small 
moj’lar, and tmnsfer to a platinum crucible, ('lean out the 
.mortar b) rubbing up another gram or so of sodri, ami iidd tins to 
the contents of the crucible as a cover. Fuse till trancjuil. Cool. 
Extract with water. If the ore csirries much silii^a, evapoiate to 
diyuiess with hydrochloric acid to separate it. lle'di8solv(j in 
hydrocldoric acid, and separate the iron by precipitating with 
ammonia and filtering li oidy a small (pianlity of silica is 
piesent, the aqueous extract of the “ melt" must be tilteved, and 
the insoluble residue washed and di.ssolved in dilute hydrochloric 
acid. Reduce and titrate. ^ 

A feonvenient method of at once sopam ting iron from a solution 
and reducing it, is to add ammonia, pass sulphuix'tted hydrogen 
through it, filter, and dissolve the precipitate in dilute sulphuric 
acid. The solution, when boiled free from sulphuretted hydrogen, 
is ready for titrating. 

STAimOUS CHLORIDE PROCESS. 

The colour imparted to hot hydrochloric acid solutions by a 
trace'Of a ferric compound is so strong, and the reducing action of 
stannous chloride is so rapid, tb.at a method of titratioii is based 
upon the quantity of a standard solution 0^ stannous chloride 
required to completely decolorise a soluuoii containing ferric 
•iron. This method is more especially adapted for tho assay of 
liquors containing much ferric iron and of tlmse oxidised ores 
which are completely soluble in hydrochloric acid. It must be 
remembered, however, that it only mca.sures the ferric iron pre- 
sent, and when (as ie generally the case) the total iron is wanted. 
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it is well to calcine the weighed portion of ore previous to 
solution in order to get the whole of the iron into the higher 
state of oxidation, since many oi*es which are generally snpj)()sed 
to contain only ferric iron caiTy a considerahlo percentage o( 
ferrous. 

The stannous chloride solution is made by dissolving 20 giams 
of the commercial salt (Sn0l,.2Hj,O) in 100 c.c. of water wdth the 
help of 20 c.c. of dilute hydrochloric acitl, and diluting to a litre. 
I’he solution may bo slightly opalescent, but should show no 
signs of a precipitate. The strength of this is aboflt eqnivahint 
to I gram of iron for each loo c.c. of the solution, but it is apt to 
lessen on standing, taking up oxygen from the air, forming stannic 
chloride. A larger proportion of hydrochloric acid than is ordered 
above v'ould remove the opalescence, but at the. sjime time increase 
this tendency to atmospheric oxidation, as the following experi- 
ments show. The stannous chloride solution (20 c.c.) was mixed 
with varying amounts of strong hydrochloric acid (sp. g. i.if)), 
diluted to 100 c.c., and exposed in open beakei’s for varying 
lengt/hs of time ; and the residual stannous chloride measured by 
titration with permanganate. Th'e quantities required were as 
follows : — 

Time Exiiosod. 50 per cent. Acid. 10 per cent. Acid. t per cent. Acid, 

I hour ... 33.2 c.c. ... 344C.C. ... 34-5 C.C. 

1 day ... 5.0 ... 24.0 „ ... 27.6 „ 

2 days ... 3.0 14.5 j, ... 21.3 

These indicate very clo^idy the increased susceptibility to oxida- 
tion in strongly acid solutions. 

A standard solutwn of ferric ctdoride is prepared in the same 
manner as that described under the experiments on the methods 
of reduction; but it should be of twice the strength, so tliat 
100 c.c. may contain i gram of iron. This solution is used for 
standardising the stannous chloride when required; and must be 
carefully prepared ; and tested for the presence of nitric acid. 

The titration is more limited in its application than either of 
the oxidising processes bec.‘xuse of the restrictions as to bulk, quality 
and quantity of free acid present, and other conditions of the 
solution to be assayed. Tlie following experiments show the con- 
iitions necessary for a successful titration. 

Effect of Varying Temperature. — Twenty c.c. of feme 
chloride solution with 20 c.c. of strong hydrochloric acid, diluted 
to 50 C.C., gave the following results when titrated : — 

Temperature . . .15* 30“ 70* loo* 

Btannous chloride required 22.8 c.c. 22.0 0.0. 22.1 c.c. 22.0 0.0. 

The hnishing point, however, is more diatinct the hotter J:he 
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■olution ; so that it Is besL in all cases to run the standard into 
ttio boiling solution. 

Effect of Varying Bulk. — Solutions containing the same 
quantity of iron and acid as the Ijist, but diluted to various bulks, 
and titrated while boiling, gave the following results ; — 

hulk 30 c.c. 100 c.c. 500 c.c. 

Btamious chloride required . 21.5 „ 21.7 „ 24.3 ,, 

Effect of Varying Quantities of Hydrochloric Acid. In 
these experiu|enl.s the bulk before titration was 50 c.c. except in 
the last, in which it was 70 c.c. With less than 5 c.c. of sti-ong 
hydrochloric acid the finishing point is indistinct and prolonged. 

Strong hydrochloric 

acid present . 5 c.o. 10 c.c. 20 c.c. 30 c.c. 50 c.c. 

Stannous chloride 

required . . 21. 1 „ 21. i „ 21.2 „ 21.S 22.2 „ 

Effect of Free Sulphuric Acid. - 1 n ihost^ experiments 20 c.c. 
of hydrochloric Jicid were presejab, .and the bulk was 50 c.c. 

Strong sulphuric acid 

present . . . — c.c. 3 c.c. 5 o.a 10 c.o. 

Stannous chloride 

required. . . 21.6 „ 22.5 „ 22.9 „ 23.1 „ 

This interference of strong sulphuric acid may bo completely 
counteracted by somewhat modifying tho mode of working. 
Another exjieriment, like the la.st of this .series, requii’od 21.6 c.c. 

Effect of Foreign Salts.— Experiments in which 10 grams of 
various salts were added showed them to be without eilect. The 
results Vore as follows : — 

Salt present ... — AmCl Am,S(), SIgCl, 

Stannous chloride required 21.6 c.c. 21.6 c.c. 21 6 c.c. 21.6 c.c. 

Salt present . . . CaC’l, FcClj AbCl, 

Stannous chloride required 21.8 c.c. 21.6 c.c. 21.6 c.c. 

Effect of Varying Iron. — ^Titrating a solution (with 20 c.c. of 
hydrochloric acid) measuring 50 c.c., and kept boiling, tho quan- 
tity of stannous chloride solution required is practically propor- 
tional to the iron present. 

Ferric chloride 

added . . I c.c. 10 c.c. 20 c.o. co c.c. 100 cx« 

Btann(ms chloride 

required . . i.l „ 10.5 „ 20.6 51.4 „ 102.6 „ 

The student, having practised some of the above exjieriments, 
IT ay proceed to the assay of an iron ore. 

Determination of Iron in Brown Iron Ore. — Weigh up 
I gram of the dried and powdered ore, calcine in the cover of a 
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platinum crucible, riTid dissol/c up in an evaporating dish* mth 
20 c.c. of strong hydrochloric acid. When solution is complete, 
dilute to 50 c.c. after io[)laeing any acid that may have b(*en 
evaporated. Uoil, and run in tlie stannous chloride solution until 
the cnlour is faintly yellow ; boil again, and con^^o. ie the addition 
of tlie stiinuous chloride solution, stirring continuously until the 
solution appo.'irs colourless. JSV)te the (juantity of the stannous 
chlondo solution r(‘(iinred. Suppose tins to bo 59 c.c. Take 
60 c.c. of the standard ferric chloride solution, add 20 c.c. of 
hydrocldoric a(;id, boil and titrate in the same way as before, 
Su])pose lliis to require 61 c.c. Tlicti as 61 is equivalent lo 60 of 
the iron solution, 59 is equivalent t(» 58.i3.f This gives the f)or- 
centage. It is not m•(•es^ary to standardise ilie stannous chlorido 
soluti(ni in this Avay wit.li each sample assayed, the ratio 61 : 60 
would serve for a whole l)at(‘h of samples; but the standardising 
should be rcq»eati'<l at least once each day. 

COLORIMETRIC METHOD. 

This method is valuable for the determination of small quantities 
of iron present a^ impurities in other metals or ores. It is bused 
on the ivd (joloi'alion d(ivel()})e<l by the action of potiissic sulpho- 
cyaiiate on acid solutions of ferric Sidts. 

I^kiiulard Ferric Chloride FohuUfn. — Take i c.c. of the fern’c 
chlorido solution ust'd for standardising the stannous chloride 
solution, add 2 c.c. of dilute hydrochloric acid, and dilute to i litre 
will I water. 1 c.c. = 0.01 milligmm. 

Sohdlon of Votamc Fiilphocffauafe , — Dissolve 60 gi'ams ( j .’ tlie 
salt in watei', and dilute to a litre. It should he (x>]ourless. Use 
10 c.c. for each test. 

Tlie (piaiitity of the substance to be weighed for the assay 
should not contain more thaQ a milligram of iron ; conseipiently, 
if the ore c-ontain more than o.i per cent, of that metal, l(‘ss than a 
gram of it must be taken. 

The method is as follows : — Weigh up i gi-am of the substance 
and dissolve in a suitable acid; dilute; and add pennanganato 
of potash solution until tinted. Boil for some time and dilute to 
100 c.c. Take a couple of Nessler tulies, holding over 100 c.c., 
but marked at 50 c.c. ; label them “ i ” and “ 2 and into ea»'h 

* About 5 inches in diameter. 

f 61 ; 60 ; : 59 : 58.13. 

The iron in the ore i.s, then, the same in amount as that in 58. 13 c.c. of the 
ferric chlorido solution ; ami since 100 c.c. of the latter conUin i gram of 
iron, 58.13 c.c. of the same contains 0.5813 gram cf iron; and, further, if 
I gram of ore carries this amount of iron, 100 grams of ore will obviously 
give 58.13 grams of iron. * 
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put 10 c.c. of tlio potassic siilphocyanato solution and 2 c.c. of 
dilute hydrocliloi io acid. ^J’he solutions slioul<l be colourless. To 
“ 1 " add 10 c.c. of the assay solution, and dilute to the 50 c.c.^ 
mark. To the other add water, but only to within 5 or 10 c.c. of 
this mark. Now run in the standard feme cliloride solution frofia 
a small burette, i c.c. at a time, stirring after each addition till 
the colour is nearly efiu.al to that of the assay (No. i). At thi? 
stage bring the solution to the same level by diluting, and make 
a further addition of the standard ferric chloride solution till the 
colours coi respond. Tlie umount of iron will bo the same in each 
tube; that in the standard may be known by reading off the 
volume from the hui'ette and multiplying by o.oi milligram. 

If the 10 c.c. of th(! a.s.say solution gave a colour requiring more 
than 5 or 6 c.c. of the slamlai d ferric cliloride solution, repeat the 
dcteriniuatiou, taking a smaller proi^ortion. 

The elfect of vjiryiug conditions on the assay will be seen from 
the following experiments: — 

Effoct of Varying Temp/^rature. — The effect of increase of 
temperature is to k sseii the colour ; in fact, by boiling, the colour 
can be eutindy removed. All as.s!iys are host ciimed out in 'the 
cold. 

1 c.c. at 15® would only show tho colour of 0.75 c.c. at 45* 

2 ,1 M » *‘75 « 

5 .. » 40 M 

Effect of Time.— The effect of increase of time is to increase 
tho colour, as will be seen from the folluwing experiments:-— 

2 c c. on standing 10 minutes became j;qual to 2.25 c.c, 

'■ 2 „ „ 20 „ „ „ 2.75 „ 

2 ,> n 4*^ >» *» 3’®® »* 

Effect of Free Acid — If no acid at all bo pro.sent, the sulpho- 
cyamite of potassium solution removes the colour it first produces, 
so that a certmn amount of acid is necessary to develop the colour. 
The use of a large excess has a tendency to increase the colour 
produced. 

5 c.o. nitric acid (sp. g. 1.4) read 3 7 c.a instead of 2 c.0. with the dilute 
acid. 

5 c.c. snljihuric acid (sp. g. 1.32) read 2,2 c.c. in'^tead of 2 c.c. with the 
dilute acid. 

5 c.c. hydrochloric acid (sp. g. 1.16) read 2.5 ac. in&.ead of 2C.c. with the 
dilute acid. 

Effect of Foreign Metals. — Lead, n^ercury, cadmium, bis- 
muth, arsenic, tin, antimony, nickel, cobalt, manganese, aluminium, 
zinc, strontium, barium, calcium, magnesium, sodium, or potassium, 
when separately present in quantities of from 100 to 200 times 
thf weiglit of iron present, do not ini.erfore if they have previously 
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been brouf^^ht to their highest oxidised condition by boiling with 
nitric acid or by treating with |Hirmanganate. Arsenic uikI phos- 
phoric acids interfere unless an excess of free hytlTO(ddoric or 
otlier acid is present. Oxalic, acid (l»ut not tartaric acid) in minute 
Huantities destroys tlie coheir. Nitrous acid * kes a red colour 
with the sulpLo(‘yanatc? of potassium; conserpiently, when nitric 
acid has been used in excess, high results may be obtained. Copper 
and some otlior metals interfere, so that in most cases it is advis- 
able to concentrate tlio iron before estimating it. A blank expe- 
riment sliould always be mad(‘ with the nyigentn used in order to 
determine the iron, if any, iutroduecd during the solution, »kc., of 
the substance asNayi'd. 

Dotormination of Iron in Metallic Copper — This may be 
most convenii'iit ly doneduring the O'^timai ion of the arsenic. The 
Binall rpiantity of white lIotHudent pn*ci[)itato which may bo ob- 
served in the acelic mid s(»lution before titrating, contains the 
whole of the iron jis feme ai>.en.vte It should be filtered olT, 
dissolveil in fo c.c. of ddute liydrochloric acid, and diluted to 
100 e.c. ; 10 c.c. of this maybe taken for the estimation. For 
ex inijdo: 10 gi'iims of copjier were taken, and the iron estimated; 
3.0 c.c. of standard ferric chloride solution were msed, equivalent 
to 0.03 milligrain of irop ; this multiplied by 10 (because only 
sample was takim) giv«K 0.3 milligram as the iron in 
10 grams of coppiT, This eipials 0.003 

In a series of experiments with this method working on lo-gram 
lots of cojiper, t.o which known quautitieu of iron had been added, 
the following were the re.suh,s : — 

Iron present . . o.ot^ 7 ^ 0.0707, 0.100 7, 0.4957, 

Iron found . 0,015 »» 0.061 „ 0.087 »* 0.522 

When no arsenic is present in the copper, the iron can l)e sepa- 
rated by fractionally precipitating wit h sodic carbonate, dissolving 
in ammonia, and filtering off the ferric hydrate. Coppers gene- 
rally carry more iron the less arsenic they contain. 

Determination of Iron in Metallic Zinc. — Dissolve i gram 
of zitic in 10 c.c. of dilute hydrocliloric acid, adding a drop or two 
of nitric acid towai*ds the end to effect complete solution. Boil, 
dilute, and tint with the permanganate of potassium solution ; boil 
till colourle.ss, and dilute to loo c.c. Take 10 c.c. for the deter- 
mination. Make a blank expeiiment by boiling 10 c.c. of dilute 
hydrochloric acid with a drop or two of nitric add ; add a similar 
quantity of the permanganate of potassium solution, boiling, «fec., 
as before. Tlie quantity of iron in zinc varies from less than 
0.005 ^ 2.0 per cent. When i gram is taken tpid 
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vorkeil as above, eacli c.c. of ferric chloride solution required indi- 
ates 0.01 per cent, of iron. 

Dotermination of Iron in Metallic Tin. — Cover i "ram of 
in witli 5 of hydro<*ldoric acid, a<ld i c.c. of nitric acid, and 
iVJiponite to dryness. lake up with 2 c.c. of dilute hydrochloric 
Lcid, add 10 c.c. of the pf)tassic sulphocyanate solution, and make 
ip to 50 c.c. Probably the colour developed will be brown instead 
)f red owing to tlie ja’esence of copper: in this case, add to ihe 
tandai'd as imicli coj){>or as the assay is known to contain (whicli 
nust liave previously boon tletermincd; see CVpji/er); the titration 
s then carried out in the usual way. 

Or the iron may he separated from the copjxT in thcj tin by the 
bllowing process : — Dissolve 5 grams of metal in 30 c.c. of hydro- 
ddoric acid and 5 c.c. of nitric acid, and evaporate to dryness. 
Cake up with 5 c.c. of dilute hydrochloric acid, add to grams of 
)otash disso]\ ed in 30 c.c. df water, and warm till the tin is dis- 
iolvod. Pass sulpl»uret(-ed hydrogen, boil, cool, and filter. The 
ron and copper will be in the 14 'ecip'tale. They are separated in 
<he ordinary manner. 

rKACTICAL EXERCISES. 

1. Calcnljite from the following determinations the percentages of 

ierrons, ferric, and t.oial iron in the .vam])lo of ore used. 

I gram of ore dissolved and titrated required 26.7 c.c. of 
bichromate of potashium solution. 

I grain of ore dissolved, reduced, and titrated required 43.5 c.c. 
of bichromate of potas.Miim .solution. 

^ Standard = 1.014. 

2 . One gram of an ore coni allied 0.307 gram ot ferrous iron and o 655 gram 

of total iron. Tlie iron CAisting as oxide, what are the ])er- 
centages of ferrous oxide (EeO) and fenic oxide (EcjO^) in 
the ore ‘I 

3. One gram of brown iron ore dissolved in hydrochloric acid required 

59.2 cc. of stannous chloride (standard— 0 930). Another gram 
diiswlved in ac-id and titrated with “permanganate” required 

8.2 c.e. (standard =0.4951). Calculate the percentages of ferrous, 
ferric, and total iron. 

4. Another gram of the same ore, roasted, dissolved and titrated with 

’‘stannons chloride, required 63.5 c.c. To what extent doc.s tliii 
result contirm the mliers? 

5. Two grams of a metal were dLs.solved and diluted U' 100 c.c. Five c.c. 

were taken for a coloj imetric 'h'terrniuatien, and required 4.5 c.c. 
of the standard fei ric chloride soluLioa. Wh’di is the percentage 
of iron in the meUd f 



NICKEU 


25 ^ 


NlCKTilL. 

Nickel and cobalt are closely related in their chemical proper- 
ties, and mny best be considered totr(3iher. Nick<'l is the commonei 
of the two, and is met with in commerce alloye ’ with copper and 
zinc as Gorman silver; as also in tlie coinage of the United States 
and on the Continent. Jt is used for plating polished iron and 
steel goods, forming a coating little liable to rust and taking a 
good p(dish. The ores of nickel are not very common. Kupfer- 
nickol and chloaiithito are arsenides of nickel with, generally, 
more or I(‘ss iron and cobalt. Noumeite and garjiicrite are 
liy<lratod silicates of nickel and n)agiio.sia. "J'lie chief sources of 
nickel are tlu'so silicates, which are found in largo quantity in 
Now Caledonia ; and a pyiKes found in Norwiy, containing throe 
or four i)or cent, of tho metal. In smaller quaid-ilies it is more 
widely distributed, bcung frecpicnt’^ J^ict with in copper ores; 
conse(iuen11y, commercial copp(‘r is rarely Iree from it. 

Nickel is readily soluble in modcraiely concentrated nitric acid. 
Its salts aro mostly green, and soluhle in excess of ammonia, 
forming blue solutions; in these respects it resembles copper. 
Tiie acid solutions, however, are noi precipitated by sulphuri‘tted 
hydrogen, allhougli in alkaline solutions a black sulpliide is 
formed which is insoluble in dilute hydrochloric acid. If the sul- 
phide is formed in a solution containing much fr(‘o ammonia, the 
precipitation is incomplete, some sulphide remaining in tlie solu- 
tion and colouring it dark brown. These reactions servo to dis- 
tinguish and se}>arat.e nickel fi’Otn ot her metals, except coIh T. If 
the separated sulphide be heated in a borax bead, the colour 
obtained will be a sherry brown in the outer llarae, and grey or 
colourless in the inner flame if nickel only is pinsent. In the 
presence of cohalt these colours are masked by the intense and 
characteristic blue yielded in both flames by that metal. 

DEY ASSAY. 

ITie dry assay of nickel (cobalt being at the snmo time deter- 
mined) is based on tho formation of a speise wdiich will carry the 
cobalt, nickel, copper, and some of tho iron of the ore in combina- 
tion with arsenic. A speise of this kind, fused and expo.sed at a 
red heat to air, first loses arsenide of iron by oxidation. It is 
only when the iron lias been oxidised that the arsenide of cobalt 
begins to be attacked; and when the removal of the cobalt is 
complete, the nickel commences to pass into the slag, the copper 
being left till last. The changes are rendered evident by fusion 



TEXT-BOOK OF ASSAYING. 


ID coiit«u:t witli bdiJiA. The process is as follows : — Weigh up ^ 
grams of the ore, ami calcine thoroughly on a roasting dish in the 
mu (Tie. Itub up with some anthracite, and re-roast. Mix inti- 

mately with from 3 to 5 grams of metallic arsenic, and heat in a 
small (!overed day crucible at dull redness in a mulHo until no 
nuwe fumes of uT-senic come oflT (about 15 minutes). Take out the 
f crucible, and inject a mixture of 20 grams of carbonate of soda., 5 
grams of flour, and 2 gi’ams of fused borax. Place in the wind 
furnace, and raise the temperature gradually until the charge is 
in a state (d tiuncjuil fusion. Pour; when cold, detach the 
button of speise, and weigh. 

Weigh out carefully a jjortion of about i gram of it. Place a 
shallow clay dish in the muflle, and heat it to bright redness ; then 
add about 1.5 gram of borax glass wrapped in a piece of tissue 
paper ; wlieii tliis has fused, drop the piec;e of speise into it. Close 
the muflle until the speise luis melt(‘d, which should bo almost at 
once. The arsenide of iron will oxidise, first, and when this hfis 
ceased the surface of the button biightens. Jlemove it from the 
muflle, and quench in water a^soou as the button hius solidiflod. 
The borax should be coloured ‘-lightly blue. Weigh : the loss itj the 
arsenide of iron. Repeiit the opcra-lion with the weighed button 
on another dish, using rather less borax. Continue the scorification 
until a film, green when cold, floating on the surface of the button 
shows that the nickel is beginning to oxidise. Cool, separate, and 
weigh the button as before. The loss is the arsenide of cobalt. 

If copper is absent, the speise i.s now arsenide of nickel. 

The weight of nickel coin‘sponding to the arsenide got is cal- 
culart^d by multiplying by 0.607 \ similarly, the weight of the 
cobalt is ascertained by multiplying tlio loss in the last scorifica- 
tion by 0.615.* It must be remembered tiiat the nickel and 
cobalt so obtained are derived from a fraction only of the speise 
yielded by the ore taken, so that the results uiust be multiplied by 
the weight of the whole of the speise, and divided by the weight 
of the fragment used in the determination. As an example, 
suppose 5 grams of ore gave 3.3 grams of speise, and i.i gram of 
this gave 0.8 gram of nickel arsenide. Then — 

0.8 X 0.607 0.4856 gram of nickel 

0.4856x3.3-^-1.1 = 1.456 gram of nickel 
And this being obtained from 5 grams of ore is equivalent to 29.12 
per cent. 

When copper is also present, weigh up accurately about 0.5 
gram of gold, and place it on the scjrifier with the button of 
nickel and copper arsenide, using borjix as before. Scorify until 


* These oomponnds are Nk As and Co,Ai, 
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the button iiliows the bluish-green colour of a fus-od golJ-coppei 
alloy. Then cool, and weigh the button of copper and gold. Th 
increase in weight of tlie gold button gives tlie copper as metal 
The weight of the copper multiplied by 1.395 weight of tlui 
copper arsenide (CujAs) present. The difference will be the 
nickel arsenide. 

The student should enter the weighings in his book as follows • 

Ore taken . . . — grama 

Speiso got . . . — „ 


Speise taken — grama 

Arat-uidos of cobalt, nickel, and copper . — „ 

nickel and c02)X)er . . . — „ 

Gold added . . , . — „ 

Gold and co])per got . . , — „ 

Showing (Cobalt . . . — per cent. 

Nickel . . . — 

Coi)j)er . . — „ 


WET METHODS. 

Solution and Separation, — Two or three grams of a rich 01*6, 
or 5 to 10 grams if {)oor, aro taken for the assay. If much 
arsenic is present (as is usually the Citse),tho ore must be ctdcined 
before attacking with acids. Transfci* to a flask ; and boil, first 
with hydrochloric acid until the oxides are dissolved, and then 
with the help of nitric acid, until nothing metalliferous is left. 
Dilute, nearly neutralise with soda, and sepamte the iron as basic 
acetate,* as described in page 233. Through the filtrate pass 
sulphuretted hydrogen till sahirated. Allow to settle (bes» over- 
night), filter, and wjisli. Transfer the precipitate to a beaker, and 
dissolve in nitric acid. Dilute with water, pass sulphuretted 
hydrogen, aiul filter off the precipitate, if any. Boil off the gas, 
add ammonia until a j)recipitato is formed, and then axridify some- 
what strongly with acetic acid. Pass sulphuretted hydrogen in a 
slow stream until any white precipitate of zinc sulphide, there may 
be, begins to darken. Filter; to the filtrate add ammonia, and 
pass sulphuretted liydrogeii. The precipitate will contain the 
nickel and cobalt as sulphides. 

Where small quantities of nickel and cobalt are present, and an 
approximate determination is sufliciont, they can be coni;entratod 
as follows ; — llemove the copper, &c., by passing sulphuretted 
hydrogen through the acid solution and filtering ; add ammonia 

* With large quantities of iron tne ferric precipitate should be r» 
dissolved and re-prcciidtated. The filtrate must be added to the original 
filtrate. 
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to tlie filtnito, otkI again pass sulphuretted hydrogen ; then heat 
nearly to boiling, and filler. Dissolve the precipitate off the filter 
with dilute liydrochloric aei<l ; the re.sidue will contain nearly all 
the nickel and cobalt as sulphides. 

Separation of Nickel and Cobalt. 1 )issolve the sulphides 
separated as above in niliic aciil ; render alkaline with a solution 
of potash, tlnui acidify with ficetic a<‘id ; ad<l a concentrated solu- 
tion of vitriU of potash. The liquid after this addition innst have 
an acid reaction. Allow to stand for 24 hours in a warm })laco. 
Filter oil' the ytdlow ])rei*ipitate of nitrite of pobish and cobalt, and 
wash witii a 10 per cent, solution of acetate of potash. "I'he cobalt 
is determined in the pi’ecipitato in the way described under Cohult. 
The nicknd is separated from tho solution hy boiling wdlh sodic 
hydrate, tiltining, and dissolving the precipitate in nitric acid. 
The solution will cojilain the nickel. 

GEAVIMETRIC DETERMINATION. 

The solution, which (;ontaii>o the nickel free from other metals, 
is healed, and a soiutiou of sodic tiydrate added in slight excess. 
The precipitate is filtered off, washed with boiling water, (fried, 
ignited at a red heat, and weighed wlxm cold. The ignited sub- 
stance is nickel oxide (NiO), and contains 78.67 per cent, of nickel. 
The oxide is a green powder, readily and compbdely soluble in 
hydrochloric acid, and without action on litmus paper, lb is very 
easily reduced by ignition in h3alr()gen to metallic nickel. 

Nickel la also determined by ek'ctrol) sis, as follows : — Tho nitric 
aeid solution is rendered 
strongly ammoniat^nl, and 
plac(‘(l \mdiT the electrolytic 
apparatus used for tho copper 
assay. Thr(*e cells (fig. 56), 
however, must be use(l, 
coupled up for intensity, that 
is, with the zinc of 0110 con- 
nected with tho copper of the 
next. M'he electrolysis ia 
allowed to go on over night, and in the morning the nickel will be 
deposited as a bright and coherent film. A portion of the solu- 
tion is drawn off with a pipcilte ; if it smells c-l ammonia, has no 
blue colour, and gives no precipitate with ammonic sulphi(l(^, the 
separation is complete. Wash tlie cylindei' containing tho de- 
posited metal, first with water and then with alcohol, as in the 
copper assay. Dry in th(> waiter oven, and weigh. The iucreafio 
in weight iS metallic nickel. 
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As an example : — Tliere was tcikon i gram of a nickel alloy used 
for coinage, it was dissolved in 10 c.c. of nitric acid, and diluted 
to 100 c.c. witli water. The copper was then precipitated by 
elecjtrolysis. It weighed 0.734 gram. The solution, aftei* elec- 
tiwlysis, was treated with sulpliurotted hydrogei- ind the reniain- 
ing (jopper was thrown down as sulphiiio, and estimated colori- 
nietrically. This amounted to 3.^ milligrams. The filtrate wius 
ovapor;ited, treated with ammonia, warmed, and filtered, t'he 
ferric hydrate was dissolved in dilute acid, and i-eprecipitated, dried, 
ignited, and weighed. Its weight wjis 0.0310 gi’am. The two 
filtrates were mixed, and reduced in bulk to about 50 e.e.; a 
considerable excess of ammonia was added, and tlie nickel precipi- 
tated by electrolysis. It weighed 0.2434 gram. These quantities 
are equivalent to : 

Co})per , , , 73.75 per cent. 

Nickel . , . ^L34 

L-on , , . 2.17 „ 

100.26 

VOLUMETRIC DETERMINATION. 

An alkaline solution of potassium cyanide, to which a little 
potassium iodide has been added, can be assayed for its strength in 
cyanide by titrating with a skindard solution of silver nitrate. 
Nickel interferes with thi.s assay, doing the work of its equivalent 
of silver; and the quantity of nickel present cjin oe cnlculatod 
from the amount of its interference in the titPition A voli.gietric 
assay for nicikel is based on ibis. It has the disadvantage of 
all indirect titrations in that it requires two standard solutions. 
On the othei* hand it gives good results oven under unfavourable 
conditions, and is applicable in the presence of much zinc. Small 
quantities of cobalt will count as so much nickel, but larger quan- 
tities make the assay unworkable. Some of the other metals — 
lead for example — have no appreciable eflect; but practically the 
solution demands a pieliminary treatment which would result in 
wheir removal. Nevertheless it is a very satisfactory method and 
makes the determination of nickel quick and comparatively easy 
in most cases. 

Ths standard solvtion of silver nitrate is made by dissolving 
14.48 grams of recrystallised silver nitrate in distilled water and 
diluting to i litre ; 100 c.c. of this solution ai’e equivalent to 0.2 5 
gram of nickel.* 

• 4KCy + NiS04 = KaNiCy4+ KsS04 
2KCy + AgNO, =KAgOy. + KNO, 

2 AgN 0 ,=Ni 
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Ths standard solut/ion of poiassiv/m, cyanide should be made so as 
to be exactly equal to the silver nitrate solution. This can be 
done as follows; Weigh up 12 grams of good potassium cyanide 
(95 per cent.), dissolve in water, add 50 c.c. of a 10 pei* cent, 
solution of sodium hydrate and dilute to i litre. Fill one bui ette 
with this and another with the solution of silver nitrate. Uun 
50 c.c. of the cyanide into a flask ; add a few drops of potassium 
iodide solution and titrate with the standard silv(u- nitrate until 
there is a distinct permanent yellowish tui bidity. The titration 
is more fully describod under Cyanide, p. 165. The cyanido 
solution will be foun<l rather strorjger than the silver nitrate; 
dilute it so as to get the two solutions of equal value. For 
example, 51.3 c.c. of silver nitrate may have been required: then 
add 1.3 c.c. of water to each 50 c.c. of the cyanide solution re.- 
maining. If the full 950 c.c. are available, then add to them 
24.7 c.c. of water. After mixing, take another 50 c.c. and titrate 
with the silver nitrate ; the two solutions should now bo exactly 
equal. The cyanide solution^ being strongly alkaline with soda, 
keeps veiy well ; but its strength should bo checked from time to 
time by titrating with silver nitrate ; should tliero be arjy slight 
inequality in the strengths of the two solutions it is easily 
allowed for in the c:il(*,ulations. 

The titration.— Tlie solution, containing not much more than 
o.i gi’am of nickel, and free from the interfering metals, must bo 
cooled. It is next neutralised and then made strongly alkaline 
with a solution of soda (NaTlO) ; an excess of 20 or 30 c.c. Bufli(’,es. 
This will produce a precipitate, '.riie cyanide solution is now' run 
in fioih a bui*ette until the solution clears, after which an excess 
of about 20 c.c. is added. It is well to use some round number 
of c.c. to simplify the calculation. Add a few drops of potassium 
iodide solution, and run in the standai'd solution of silver nitrate 
from a burette. This should be done a little at a time, though 
somewhat rapidly, and with constant shaking, till a permanent 
yellow precipitate appears. If the addition of the cyanide did 
not result in a perfectly clear solution, this is becfiuse something 
besides nickel is present. The re.sidue may be filtered ofi*, though 
with' a little practice the finisliing-point may bo detected with 
certainty in the presence of a small precipitate. If the student 
has the slightest doubt about a finish he sliould run in another 
5 c.c. of the cyanide and again finish with silver nitrate. The 
second result will be the same as the firrt. For example, if 40 c.c. 
of cyanide and 30 c.c. of silver nitrate were required at the first 
titration, then the 45 c.c. of cyanide in the second titration will 
require 35’Vi.c. of silver nitrate. The difference between the quan- 
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titles of the two sohitions used in each case will be 10 c.c. It is 
this difference in the reading of the two burettes which measures 
the quantity of nickel present. Ench c.c. of the diflerence is 
equ.'il to .0025 ^‘am of nickel. But if the cyanide solution is 
not exactly equal in strength to the silver nit 1 ,‘te, the q nan city 
of cyanide used should be calculated to its equivalent in silver 
nitrate before making the subtraction. 

The following e?:perimental results iUustnite the accuracy of 
the a.ssay and the elicct upon it of varying conditions. A solution 
containing i gram of nickel sulpliato (NiSO^. 611 ^ 0 ) in 100 c.c. 
was n.scd. By a separate a.ss.ay the sulphate was found to contain 
22.25 nickel. For the .sake of simjiluity the results 

of tli(‘ experiments are .stated in weights of nicktd in grams. 

Eli'ect of varying oxcoss of Cyanide Solution. -In each 
exjxa iment thc*re was 20 c.c. of the nickel solution, equal to .0445 
gram of nickel. I’hero wero also i j c.c. of soda soluiion, 3 or 4 
drops of pota.s.siiim iodide and suthcieiit water to bring tlie bulk 
to 100 c.(!. b('fore titi-nting. 

Cyanide in excos.s , . .6 c.c. 4 c.c. 8 c.c. 12 c c. 25 c.c. 

Nickel found . . . .0434 .0436 .0440 .0442 .0444 

Altliougb the difference between flie liigbest and lowest of 
these results is only t inilligiam, their meaning is quite obvious. 
Tile exces.s of cyanide should not be less than 20 c.c. 

Effect of varying the quantity of Soda. — 'Inhere were 
two series of experimeuis, one with 2 c.c. of nickel solution 
(= .00^4 gram of nickel), iJio other writh 20 c.c. The conditions 
were as before, except that the quantity of soda was varied. 

Soda added 5 c.c. 15 c.c. 30 c.c. 

Nickel found, ist series . . .0037 .0042 .0045 

„ „ 2nd series . , .0444 .04.14 .04.42 

These show that the presence of mucli soda, though it has only 
a small eifect, is beneficial riilhor than othci'wise. Ammonia has 
a bad effect, if present in anytliing like the same quantities. 

Effect of varying the Nickel, — In exporiments with 10, 
30, and 40 c.c. of the ni(;kel solution, the results were : — 

Nickel present 0222 .0445 .OeSqo 

Nickel found 0220 .0442 .0S84 

Effect of Zinc. — In these expciiments 20 c.c. of nickel 
solution (=.0445 gram of nickel), to c.c. of soda, 6 drops of 
potassium it'dido and water to 100 c.c. were used. The excess of 
cyanide was purposely kept at from 10 to 15 c.c., which is hardly 
Budicient. 

Zinc added .... o .25 gram. .5 gram. 

Nickel found , . , .0442 .0440 .0407 
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On increasing the excess of cyanide to over 20 c.c. and doubling 
the quantity of soda, the experiment with 0.5 f^ram of zinc gave 
0.441 gram of nickel, lienee the titration is satisfactory in the 
presence of zinc provided that not fewer than 20 or 30 c.c. of 
soda are used, and tliat the excess of cyanide is such that not 
fewer than 20 or 30 c.c. of silver nitrate are required in the 
i itration. Moreover, these precautions should be taken whether 
zinc is present or not. 

Effect of other Metals. — If metals of the first and second 
groups are present tliey sliould be removed by pjissing sul})hur- 
etted hydrogen and filtering. If iron is present it must bo 
removed, since ferrous salts use up much cyanide, foi'ining ferro- 
cyanides, and fruric salts yield ferric liydrate, which obscures tire 
end rejiction. Hence the 8ul[)hui*ettod hydrogen must be boiled 
off and the iron removed as basic ferric acetate by the method 
described on p. 233. If 'the precipitate is bulky it should be 
dissoh ed in a little dilute acid, neutrali.sod and again precipitated 
as brsic acetate. The nickel xvill be in the two filtrates. In the 
absence of manganese and cohalt the titmtion may be made 
without further separation. 

Manganese does not directly interfere, but the precipitated 
byditite, which rapidly darkens through atmospheric oxidation, 
obscures the end reaction. It may be removed by passing sul- 
phuretted hydrogen through the filtrate from the acetate sepaiu- 
tion : sulphides of nickel cobalt and zinc will be precipitated, 
whilst manganese remains in solution: the addition of more 
sodium acetate may assist the precipitation. The precipitate 
must" be filtered off and dissolved in nitric acid: the solution 
should bo evaporated to dryness. The filtrate may retam a little 
nickel ; if so, add ammonia till alkaline, then acidify with acetic 
acid and again filter ; any small precipitate obtained here should 
be added to that first obtained. 

It is only when cohalt is present that any further separation is 
required. Cobalt hydrate takes up oxygen from the air, and on 
adding potassium cyanide some may refuse to dissolve ; and the 
solution itself acquii-es a brown colour, which becomes deeper on 
standing. At this stage the cobalt is easily separated. The solu- 
tion contfiining the nickel and cobalt with no groat excess of acid, 
is made alkaline by adding 20 c.c. of soda ex<u;tly as in preparing 
for a titration. So, too, the solution of cyanide is added so as to 
have an excess of 20 or 30 c.c. ; the solution may have a brown 
colour, but if it is not quite clear it must be filtered. Then 
warm (boiling is not needed) and add from 50 to 100 c.c. of 
bromine witter. This throws down all the nickel as black peroxide 
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in a condition easy to filter. Filter it off and wash with water. 
The precipitate can dissolved off the filter with the greatest 
ease by a little warm sulphurous acid. The filtrate and wtishings, 
boiled till free from sulphurous acid, yield the nickel tis sulphate 
in a clean condition. 

Determination of Nickel in Nickel Sulphate Crystals. — 
Take 0.5 gram of* the salt, dissolve in 50 c.c. of watei and add 
25 c.c. of solution of soda. Run in from a burette, say, 60 c.c. 
“ cyanide.” Add a few drops of potnssium iodide and titrate 
back with “ silver nitrate.” Suppose 15.5 c.c. of the latter is 
required. Then 15.5 c.c. subtracted from 60 c.c. leaves 44.5 c.c., 
and since 100 c.c. =0.25 gram of nickjl, 44.5 c.c. will equal 
0.11125 gram of nickel. This in 0.5 gram of the salt equals 
22.25 

Determination of Nickel in G-erman Silver. — Weigh up 
0.5 p’fim of the alloy, and dissohe in a dish with 5 or to c.c. 
of dilute nitric acid. Add 5 c.c. of dilute sulphuric acid and 
evaporate till all the nitric acid is removed. Cool, lake up with 
50 c.c. of water, and when dissolved pass sulphuretted hydrogen 
through the solution. Filter off the [U'ceipitate and wash with 
water contiiining sulpljurctted hydrogen and dilute sulphuric 
acid. Boil down tlio filtrate and washings to get rid of the 
excess of the gas ; add some nitric acid and continue the boiling. 
Cool, neutralise the excess of acid with soda, add i gram of 
sodium acetate and boil. Filter off the precipitate which contains 
the iron. The filtrate, cooled and rendered alkaline with soda, is 
ready for the titration. 


COBALT 

Occurs loss abundantly than nickel. Its chief ores are smaltite 
and cobaltitc, which ai’e arsenides of cobalt, with more or less iron, 
nickel, and copper. It also occurs ns arseniate in erythrine, and 
as oxide in asbolan or earthy cobalt, which is essentially a wad 
carrying cobalt. 

It is m.ainly used in the manufacture of smalts for imparting a 
blue colour to glass and enamels. The oxide of cob.alt forms 
coloured compounds with many other metallic oxides. With oxide 
ot zinc it forms “ Rinman’s green”; with aluminia, a blue ; with 
Hiagtiesia, a pink. This property is taken advantage of in the 
detection of substances before the blow-pipe. 

The compounds of col)alt in most of their properties closely 
I’esemble those of nickel, and the remarks as to solution and 
separation given for the latter metal apply here. Solutions of 
cobalt ore pink, whilst those of nickel are green. 
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Tlie detection of col)alt, e\cn in very small (Quantity, is rendered 
easy by the strong:' bine colour which it pves to the borax bead, 
both in the oxidising and in the reducing flame. It is concen- 
trated from tlie ore in the sjwne way as nickel, and should be 
separated from that metal by means of potussic nitrite in the way 
described. The di'y assay of cobalt has been given under Nickd, 

GRAVIMETRIC METHOD. 

The yellow precipitate from the potassium niii ito, after being 
washed with the acetate of potash, is washed with alcohol, dried, 
tiansfeiTcd to a weighed porcelain crucible, and cautiously ignittid 
with an excess of strong sulphuric acid. The beat must not be 
sufficient to decompose the sulpliatc of cobalt, which decomposi* 
tion is indicated by a blackening of the substance at the edges. 
The salt bears a low red heat without breaking np. If blacken- 
ing has occurred, moisten with sulphuric acid, and igi\ite again. 
Cool and weigh. Tlie sub.''l5j|».ce is a mixture oi the sidphates of 
colult and potash (2CoSO^'<" 3l'v\BO^), and contaiiis 14.17 per 
cent, of col ‘flit. 

Cohalt is also graviinctrically determined, like nickel, by elec- 
trolysi.s, or by precipitation with sodic hydrate. In the latter 
case, the ignited oxide will be somewhat uncertain in composition, 
owing to its containing an excess of oxygen. Conseipicntly, it is 
lietter to reduce it by igniting at a red heat in a cuiront of 
hydrogen and to weigh it as metallic c''balt. 

. PRA<''T1CAL EXEflCTPEa 

1. In the dry assay of an ore conuiining cobalt, nirkcl, and coj’por, the 

following results wore obtained. Calculate the iK'rci'iitagtiS. 
Ore taken, 5 giauis. Speise formed, 0.99 gram. Speise takf'n, 
0.99 gram. Arsenides of cobalt, nickel, and coj'per got, 0.75 gram. 
Arsenide of nickel and copper got, 0 54 gram. Cold added, 0.5 
gram. Gold and copper got, 0.61 gram. 

2. Calculate the percentage composition of tlie following c.ornpounds; 

Co^, NlAs, and Cu,As. 

3. A sample of misiiiekel contains 7 j>cr cerit. cobalt. What weight 

of the mixed sul[)liat.es of potash and cobalt will be obtained in a 
gravimetric determination on i gram of the ore 1 

4. a3 1 57 gram of metal was deposited by the eltctrolysis of a niekd 

and cobalt solution. On dissolving in nitne aciiti and determining 
the cobalt 0.2563 gram of potassium and cobalt sulphates w(-re 
got. Find the weights of cobalt and nickel present in the 

What should be the percentage composition of pure cobaltite, iti 
formlila being CoAsS 1 
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ZI!NO« 

^inc occiirfl in nature most, commonly as siilpliide (blende) ; it 
also occurs as carbonato (calamine) and silicate (smitbsonite). 
Each of these is sufficiently abundant to be a source of the 
metal. 

The metal is known in commei-ce as “ si)elter ” when in ingots, 
and as sheet, zinc when rolled. It is chiefly used in the form of 
alloys with cop[)er, which are known as brasses. It is also used 
in the form of a thin lilm, to protect iron goods from rusting 
— galvsinised iron. 

Ores of zinc, more especially blende, are mot with in most lead, 
copper, gold, and silver mines, in larger or small quantities 
scat tered through the lodes. Those ores which generally come 
under the notice of the a&sayer are fairly rich in zinc ; but alloys 
and metalluigical products contain it in very varying proportions. 

Zinc itself is readily soluble in ailuto acids ; any rasidue which 
is left after Iwiliiig with dilute hydrochloric or sulphuric acid 
consists simply of the impurities of the metal ; this is generally 
lead. 

All zinc compounds are either soluble in, or are decomposed by, 
boiling with acids, the zinc going into solution. Zinc forms only 
one scries of salts, and these are colourless. Their chief charac- 
teristic is solubility in an alkaline solution, from wliich sulphu- 
retted hydrogen produces a white precipitate of zinc sulphide. 
Zinc is detected by dissolving the substance in hydrochloric or 
nitric acid, boiling, and adding sodic hydrate in excess, filtering, 
and adding ammonic sulphide to the filtrate. The precipitate 
contains the zinc, which can be dissolved out by boiling with 
dilute sulphuric acid, and detected by the formation of a white 
precipitate on the addition of potassic ferrocyanide. 

The dry assay of zinc can only be made indirectly, and is un- 
satisfactory. Zinc is volatile, and at the temperature of its 
reduction is a giis. It is impracticable to condense the vapour so 
as to weigh the metal, consequently its amount is determined by 
loss. The following method gives approximate results : Take 10 
gi*ams of the dried and powdered ore and roast, first at a low 
temperature and afterwards at a higher one, with the help of 
caihunate of ammonia to decompose the sulphates formed ; cool 
and weigh. The metals will be present as oxides. Mix with 
2 grams of powdered charcoal and charge into a black-lead 
crucible heated to whiteness, cover loosely, and leave in the 
furnace for about a quarter of an hour. Uncover and calcine the 
residue, cool and weigh. The loss in weight multiplied by 8.03 
gives the percentage of zinc in the ore. 
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WET METHODS. 

Solution and coparation may be offocted as follows : Treat i or 3 
grams of the substance with 10 or 30 c.c. of hydrochloric acid or 
aqua regia; evaporate to dryness; take up with 10 c.c. of hydro- 
chloric acid and dilute to 100 c.c.; heat nearly to boiling; 
saturate with sulphuretted hydrogen ; filter, and wash with water 
acidulated with hydrochloiic acid. Boil off the sulphuretted 
hydi ogeii and peroxidise with a few droj)S of nitric acid. Cool ; 
add caustic soda till nearly, but not quite, neutralised, and separate 
the iron as basic acetate by the method described under /row. To 
the filti'nte add ammonia till alkaline, and pass sulphuretted 
hydi‘ogei). Allow to settle and decant on to a filte>\ Dissolve 
oir the precipitate from the filter with hot dilute hydrochloric 
acid. The solution will cdiitain the zinc, together with any man- 
ganese the ('re contained, and, perhaps, traces of nickel and cobalt. 
If the zinc is to be determin(/i volu metrically, and manganese is 
present, this latter is sepaiuted vv^ith carl)Onate of ammonia, as 
described further on ; but it a giavimetric method is used, and 
only small quantities of manganese are present, it is better to 
proceed as if it were absent, and to subsequently determine its 
amount, which should be deducted. 

GEAVIMETRIC DETERMINATION 

The solution containing the zinc is contained in an evaporating 
dish, and freed from sulphuretted hydrogen by boiling, and, if 
neccssaiy, from an excess of acid by evaporation. I'he evaporat- 
ing dish must be a large one. Cautiously add sodium carbonate 
to the hot, modeiately dilute solution, until the liquid is dia- 
tinctly alkaline, and boil. Allow the precipitate to settle, decant 
on to a filter, and wash with hot water. Dry, transfer to a 
porcelain crucible (clejining the paper a.s much as possible), add 
the ash, ignite, and weigli. Tlie substancje weighed is oxide of 
zinc, which contsiins 80.26 per cent, of the metal. It is a white 
powder, becoming yelhjw when heated. It must not show an 
alkaline reaction when moistened. If it contains manganese tliis 
metal will be presciut. as .sesquioxide (Mn,C»). Its amount can 
be determined by dissolving in dilute acid and boiling witli an 
excess of sodic hydiute. The oxide of manganese will he pre- 
cipitated, and can be ignited and weighed. Its weiglit multiplied 
by 1.035 be deducUMi from tlie w<aglii of oxide of zinc 

previously -^Mained. The results yield* . 1 by the gravimetric 
determination are likely to ii}« high, since the basic carbonate of 
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fine frequently carries down with it more or less soda which is 
diilicult to wash off. 

VOLUMETEIO DETERMINATION 

This method is based on the facts that zinc salts in an acid 
solution dccomy)Oso potassium fen-ocyanide, forming a white in- 
soluble zinc compound ; and that an excess of the ferrocyanide 
can be detected by the brown coUmition it strikes with uranium 
acetate. The method resembles in its working the bichromate 
iron assay. The standard solution of potassium ferrocyanide is 
run into a hob hydrochloric acid solution of the zinc until a drop 
of the latter brought in conbict with a drop of the indicator 
(uranium acetate) on a white plate strikes a brown colour. The 
quantity of zinc in the solution must be approximately known; 
run in a little less of the ferrocyairde than is expected will be 
necessary ; test a drop or two of the assriy, and then run in, one or 
two c.c. at a time, until the brown colour is obtained. Add 5 c.c. 
of a standard zinc solution, equivalent in strength to the standard 
“ ferrocyanide,” re-titrate, and finish off cautiously. Of course 
5 c.c. must be deducted from the reading on the burette. The 
precipitate of zinc ferrocyanide formed in the assay solution is 
white ; but if tri\ccs of iron are present, it becomes bluish. If 
the quantity of ferrocyanide required is known within a few c.c., 
the finishing point is exactly determined in the first titration 
without any addition of tlve standard zinc solution. Unfortunately 
this titration serves simply to replace the gravimetric determina- 
tion, and does not, as many volumetric processes do, lessen the 
necessity for a complete separation of any other metals which 
arw present. Most metals give precipitates with feiTOcyanide of 
potsissium in acid solutions. If the conditions are held to, the 
titration is a fairly good one, and differences in the results of an 
assay will be due to error in the separation. Ferric hydrate 
precipitated in a fairly strong solution of zinc will carry with it 
perceptible quantities of that metal. Similarly, large quantities 
of copper precipitiited as sulphide by means of sulphuretted 
hydrogen will carry zinc with it, except under certain, nicely 
drawn conditions. When much copper is present it is best 
sepamted in a nitric acid solution by electrolysis. The titration 
of the zinc takes less time, and, with Crdinary working, is more 
trustworthy than the gravimetric method. 

The standard ferrocya/nide solution is made by dissolving 43.2 
grams of potassium ferrocyanide (K^FeCy^. 311,0) in water, and 
diluting to a litre. One hundred c.c. are equal to i gram of 
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The standard zim sohdum is made by dissolving lo grams of 
pure ziiu; in 50 c.c. of liydrot-iiloric acid and 100 or 200 c.c. of 
water, and diluting to i litre, or by dissolving 44.15 grams of 
zinc snlpliato (ZnSO^.y 11^,0) in water with 30 c.c. of hy<lro- 
chloric acid, and diluting to i litre. One liuiidrod c.c. will 
contain i gram of zinc. 

The uranium acetate solution is made by dissolving 0.2 gium of 
the salt in 100 c.c. of water. 

To standardise the “ ferrocyanide ” measure oil’ 50 c.c. of the 
standard zinc solution into a 10 oz. beaker, dOutc to 100 c.c., and 
heat to about 50'’ (1. (not to boiling). linn in 47 or 48 c.c. of the 
“ fen'oeyanide ” solut ion from an ordinaiy burette, and finish off 
cautiously. Fifty divided by the quantity of “ fenwyanido ” 
solution requirtid gives the standard. 

In assaying ores, il:c., take such quantity as shall contain from 
o.i to 1 gram of zinc, sejiarate the zinc as sulphide, as already 
directed. Dissolve the sulphide olV the filter with hot <lilute 
hydrochloric acid, whicli is l»Ast done by a stream from a wsish 
bottle. Dvaporato the tllti’aie to paste, adtl 5 c.c. of dilute 
hydrochloric aci<], dilute to 100 c.c. or 150 cc., heat to about 
50° C., and titrate. IMangaucse, if present, counts as so much 
zinc, and must be specially separated, since it is not removed by 
tiic method already given. The following method will effect its 
removal. To the hydrochloric acid solution of the zinc and man- 
ganese add sodium acetate in large excess and pass sulphuretted 
hydrogen freely. Allow to settle, filter off the zinc sulphide and 
wash with sidphniettcd hydrogen water. The precipitate, freed 
from manganese, is then dissolved in hydrochloric acid and titrated. 

The following experiments show the effect of variation in the 
conditions of the ass.ay : — 

Effect of Varying Temperature. — Using 20 c.c. of the 
Btandard zinc solution, 5 c.c. of dilute hydrochloric acid, and di- 
luting to 100 c.c. 

Teiujx:riiturc . . . 15* C. 30® C. 70“ C. 100“ C. 

“Ferrocyaiiido ” required 20.6 c.a 20.3 c.c, 20.3 c.c. 20.3 c.c 

Tire solution can be heated to boiling before titiatiiig without 
mterfering with the rcvsult ; but it is more convenient to work 
witli the solution at about 50" C. Cold solutions must not be 
used. 

- Effect of Varying Bulk. — These wero all titivated at about 
50“ C., and were like the last, but with varying bulk. 

Bulk .... 25.0 c.c. 50,0 c.c. 100.0 C.C. 200.0 0.0. 

“ Ferrocyanide ” required 20.2 20.4 „ 20.3 „ 20.4 „ 

Vny ordinary variation ha bulk has no effect. 
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Effect of Varying Hydrochloric Acid. — With 100 c.c. 
bulk and varying dilut* hydrochloric acid the results were : — 

Acid added . 0 0 c.c. 1.0 c.c. 5.0 C.C. 10.0 c.c. 20.n c c. 

“ Feirocvanido” 

required 24.4 „ 20.2 „ 20.3 » 1 »» 20.7 „ 


Effect of Foreign Salts.— The experiments were carried out 
uiidtu* the same conditions as the others. Five grams ejudi of th(‘ 
following salts were added ; - 

( Ammonic Amnionic Sodium Sodium 
bait added . . * j eldonde. sulphate, chloride, siilpliate. 

“Ferroos anidu ” required 20.3 cc. 20.50.0. 20.6 c.C. 20.4 c.c, 

f Potassium Maejnesium 

Salt added . . . | nitrate. .sulphate. 

“ Fci roe van id o” required 20.2 c.c. 20.4 c.c, 20.4 c.c. 


Salt added 


In a serit'sof experiments in which foreign metals were present 
to the extent of 0.050 gram in each, with 20 c.c. of v.inc solution 
and 5 c.c. of dilute hydiwhloric acid, those in which copper 
Kuiphate, ferrous sulphate, and ferric chloride were used, gave (as 
niiglit be expected) so strongly coloured precipitates that the end 
roairtion could not be recognised. The other results wore - 

“Forroctanido ” 
rf'quirad. 

With nothing added 20-.3 

„ 0.050 gram lead (as chloride) . . . 20.9 „ 

„ 0.050 „ manganese (as sulphate) . 25.5 „ 

„ 0.050 „ cadmium (Jis sulphate) . . 23.5 „ 

„ 0.050 ,, nickel (as sulphate) • . 26.2 ,, ^ 

Effect of Varyiiig Zinc. — These wore titrated under the 
usual conditions, and gave the following results: 


Zinc added . i.o c.c. 10.0 c.o. 20.0 c.c. 50.00.0. 100.0 c.c. 

“Fcrrocyanide" 

required . i.i m *0-2 n 20.3 ,1 „ 101.0 „ 

Determination of Zino in a Sample of Brass. Take the 
solution from which the copper has been separated by electrolysis 
a'iid pass sulphuretted hydrogen until the remaining traces of 
copper and the lead are precipitated, filter, boll the solution free 
from sulphuretted hydrogen, put in a piece of litmus paper, and 
add Bodic hydrate solution in slight excess ; add 10 c.c. of dilute 
hydrochloric acid (wdiich should render the solution acid and 
clear) ; warm, and titrate. 

A sample of 0.5 gram of brass treated in this manner required 
16.4 c.c. of ** ferrocyanide ” (standard 100 c.c. = 0.9909 zinc), 
^hich equals 0.1625 gi’am of zinc or 32.5 per cent. 
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Determination of Zinc in Blende. — Dissolve i gram of the 
dried and powdered sample in 25 c.c. of nitric acid with the help 
of two or three grams of pottissium chlorate dissolved in the acid 
Evaporate to complete dryness, taking care to avoid spirting. 
Add 7 grams of powdered ammonium chloride, 15 c.c. of strong 
ammonia and 25 c.c. of boiling water ; boil for one minute and 
see that the residue is all softened. Filter through a small filter, 
and wash thoroughly with small quantities of a hot one per cant, 
solution of ammonium chloride. Add 25 c.c. of hydrochloric acid 
to the filtrate. Place in the solution some clean lead foil, say 10 
or 20 square inches. Boil gently until the solution lias been 
colourless for three or four minuti^s. Filter, wash with a little 
hot water ; and titrate with standard ferrocyanide. 


Determination of Zfne in Silver Precipitate. — This pre- 
cipitate contains lead sulidiate, silver, copper, iron, zinc, lime, <kc. 
Weigh np 5 giams of the sarsfple, and extinct with 30 c.c. of dilute 
sulpliuno acid with the aid of heat. Separate tli(‘ copper with sul- 
phuretted hydrogen, peroxidise ilio iron with a drop or two of 
nitric acid, and sepaiate as acetate. Render the filtrate ammo- 
niacal, pass sulphuretted hydrogen ; warm, and filter. Dissolve 
the precipitjited zinc sulphide in dilute hydrochloric acid, evapo- 
rate, dilute, and titrate. Silver precipitates carry about 2.5 per 
cent, of zinc. 

GASOMETRIC METHOD. 

Metallic zinc is readily soluble in dilute hydrochloric or sulphuric 
acid, hydrogen being at the s-anie time evolved.* The volume of 
the hydrogen evolved is obviously a measure of the amount of 
zinc present in the metallic state. The speed with which the 
reaction goes on (even in the cold) and the insolubility of 
hydrogen renders this method of assay a convenient one. It is 
especially applicable to the determination of the propoi-tion of 
zinc in zinc dust. The apparatus de.scrihcd in the chapter on 
gasometric method is used. The method of working is as follows ; 
Fill the two burettes with cold water to a little above the zero 
mark, place in the bottle about 0.25 gi-am of the subsiaiice to be 
determined, and in the inner phial or test tube 5 c.c. of dilute 
sulphuric acid ; cork the apparatus tightly and allow to stand for 
a few minutes ; then bring the water to the same level in the two 
burettes by running out through the clip at the bottom. Read 
off the level of the liquid in the graduated burette. Turn the 

• Zd + * H, + ZnSO., 
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bottle over siifBoieotly to spill the acid over the zinc, and then 
run water out of the apparatus so as to keep the li<piid iu the 
two burettes at tlie same level, taking care not to run it out more 
quickly than the hydrogen is being gciiioratcd. Whim the volume 
of gas ceases to increase, read oil' the level of i'"; liquid, deduct 
the reading which was started with; the dideremte gives the 
volume of hydrogen evolved. At the same time read olf the 
volume of air in the “volume collector,’' which must be fixed 
alongside the gfis burettes. ' Make the correction. For ejaitnple : 
A ]aece of zinc; weighing 0.2835 gram was found to give 99.9 c.c. 
of gas at a time wdien the corrector read 104 c.c.* Then the 
corrected volume is 

104 : 100 99.9 : x. 

X = 96.0 c.c. 

100 c.c. of hydrogen at 0“ C. and 760 mm. is equivalent to 0.2912 
gram of zinc; therefore the quantity of zinc found is 

100 : 96 :: 0.2912 : x. 
a; = 0.2795 gram of zinc. 

This being contained in 0.2835 gram of metal is equivalent to 
98.5 per cent. 

As an example of a determination in which reducing the 
volume of liberated hydrogen to o* C. and 760 mm, is avoided, 
the following may be taken : — 

0.2315 gram of pure zinc gave 82.1 c.c. of gas; 
and the voluuie of air in the corrector was 103.6 c.c. 

0.2835 gram of the assay gave 99.9 c.c. of gas ; 
and the volume of air in the corrector wfis 104.0 c.c. ; 

104 : 103.6 :: 99.9 ; x. 

X-ijQ.S C.C. 

This is the volume of gas got in the assay if measured under 
the same conditions as the standard, 

82.1 ; 99.5:: 0.2315 : X. 

a; = 0.2806. 

Then 0.2835 : 0.2806 :: 100 i 
X = 98.9 per cent. 

As these assays can bo made quickly, it is well for the sake of 
greater accuracy to make them in duplicate, and to take the mean 
of the readings. One set of standardisings will do for any 
number of assays. The student must carefully avoid unnecessary 
handling of the bottle in which the zinc is dissolved. 

Colorimetric Method.’— Zinc salts being colourless^ there is 
no colorimetric determination. 

These 104 c.c. aie equivalent to 100 c.c. of dry air at o 0 . and 760 mm. 
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EXAMINATION OP COMMERCIAL ZINO. 

Take 20 grams of zinc, and dksolve them ia dilute nitric acid ; 
boil, allow to settle; filter; wiuth, dry; ignite the precipitate, 
if any, and weigh as oxide of tin. Exairiino this for arsenic. 

Lead. — Add ammonia and carbonate of ammonia .to the liquid, 
and boil, filter off the precipitate, wash with hot water. Digest 
the precipitate with dilute sulphuric ^id; filter, wash, and weigh 
the sulphate of lead. 

Iron. — To the filtrate from the sulphate of lead add ammonia, 
and pass sulphuretted hydrogen; digest, and filter. (Save the 
filtrate.) Dissolve the precipitate in liydpochh)ric acid, oxidise 
with nitric acid, and precipitate with ammonia. Wash, ignite, 
and weigh as ferric oxide.^ Calculate to iron. 

Arsenic. — To the filtrate from the sulphide of iron add hydro- 
chloiic acid in slight excess ; off, and wash the precipitate. 
Rinse it back into the beakei^ dissolve in nitric acid, filter from 
the sulphur, and add ammonia, in excess, and magnesia mixture. 
Filter off the ammonic-magnesic arsenate, and wash with dilute 
ammonia. Dry, ignite with nitric acid, and weigh as magnesic 
pyrarsenate. Calculate to arsenic, and add to that found with 
the tin. 

Copper. — To the filtrate from the ammonia and ammonic 
carbonate add sulphuric acid in small excess, and pass sulphuretted 
hydrogen. Allow to settle, filter, and wash. Rinse the precipi- 
tate into a beaker, boil with dilute sulphuric acid, and filter. (Save 
the filtrate.) Dry, burn the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as copper 
oxide. Calculate to copper. 

Cadmium. — ^To the filtrate from the sulphide of copper add 
ammonia, so as to nearly neutralise the excess of acid, and pass 
sulphuretted hydrogen. Collect and weigh the precipitate as 
cadmium sulphide, as described under Cadmium. 

* FRAOTICAL EZKROISES. 

1. What weight of hydrogen will be evolved in di»wlving i gram of Elno 

in dilute sulphurio acid 7 

2. How many c.c. would this quantity of hydrogen measure at 0“ 0 . and 

760 m.m. 7 (i litre weighs 0.0896 gram). 

3. 0.23 gram of sine are found to give 77.9 0.0. of hydrogen. In 

ano^er experiment under the same conditions 80.2 o.5. are got 

What weight ^ zinc was used for the second experiment ! 
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4. A sample of blende is found to contain 55 per cent, of zinc. What 

percentage of zinc sulphide dia the sample contain ? 

5. How much metallic lead would be precipitated from a solution of 

lead acetate bj i gram of zinc t 

CADMIUM. 

Cadmium oocurs in nature as cadmium sulphide in greenockite, 
CdS, which is very rare. It is widely diifused in calamine, blende, 
and other sine ores, forming, in some cases, as much os 2 or 3 
per cent, of the ore. Oxide of cadmium forms the ** brown 
blaze ” of the zinc smelters. 

Sulphide of cadmium is used as a pigment (cjidmium yellow) ; 
and the metal and some of its salts are useful reagents. 

The salts of cjidmium closely resemble those of zinc. The 
hydrate, however, is insoluble in excess of potash, and the 
sulphide is insoluble in dilute acids. It forms only one series of 
salts. 

Cadmium is detected by giving with sulphuretted hydrogen in 
solutions, not too strongly acid, a yellow precipitate, which is 
insoluble in solutions of the alkalies, alkaline sulphides, or cyanide 
of potassium. 

Solution and Separation. — Substances containing cadmium 
are soluble in acids. The solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
with 10 c.c, of dilute hydrochloric acid. Dilute to 100 c.c., and 
pass sulphuretted hydrogen. Filter, digest the precipitate with 
soda, wash, and boil with dQute sulphuric acid. Filter ^ the 
filtrate contains the cadmium and, possibly, a small quantity of 
zinc, from which it is best separated by reprecipitating with 
sulphuretted liydrogen. 

GBAVIMETEIO DETEBMINATIOB. 

The solution containing the cadmium freed from the other metals 
is precipitated with sulphuretted hydix)gen in a moderately-acid 
solution. The precipitate is collected on a weighed filter, atJO 
washed, first with an acid solution of sulphuretted hydrogen, and 
afterwards with water. It is dried at 100’ 0 . and weighed. If 
free sulphur is suspected to be present, extract with bisulpbide of 
carbon, and again weigh. The residue is cadmium sulphide, 
which contains 77.78 per cent, of cadmium. It is a yellow 
powder insoluble in solutions of the alkalies, alkaline sulphides, or 
cyanide of potassium. It dissolves readily in acid. It cannot be 
ignited in a current of hydrogen withoqt loss. 
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VOLUMETRIC METHOD. 

The solution containing the cadmium is concentrated by evapora- 
tion, and mixed with an excess of oxalic aciil and alcohol. The 
precipitate is filtered, washed with alcohol, dissolved in hot 
hydrochloric add, and titrated with permanganate of potassium. 
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CHAPTER XII. 

TIH.-TUITGHSTBH.— TITANIUM. 

TIN. 

Tin oxide occurs in nature as cassiterite, and this mineral is the 
source from which the whole of the tin of commerce is derived. 
Tantalite, oolumbite, samarskite, fergusonite, and some other 
allied minerals contain tin oxide in small quantities) rarely 
reaching 5 or 6 per cent. Tin .iulphide is found in combina- 
tion with other metallic sulphides in the following minerals: 
stannite, Ou^FeSnS^; frankeite, PbjSnjSbjS^; cylindrite or ky- 
lindrite, Pb^SngSbjiSii and canfieldite, Metallic tin 

has been found in a few localities. Tin oxide has been found in 
some ill-defined silicates and in the well-crystallised mineral 
stokesite, 0aSnSi,0g.2H,0. In very small proportions it has 
also been found in mica and other r^-forming minerals, and it 
occurs somewhat frequently in the oohreous sediments from hot 
springs, 

Oa^terite is a mineral which varies much in quality, and 
consequently in appearance and other characters. At itsWorst 
it is a loose impalpable powder, resembling putty powder as 
usually sold, and liable to manifold impurity. Usually this forin 
is coherent in hard crusts and nodules, or it is more or less 
irregularly disseminated in quartz or other stony minerals. The 
name *^Wood Tin” properly belongs to the hard crusts and 
nodules, but may be used for the other varieties. At its best 
cassiterite is gem-like, well crystallised, and has an excellent 
lustre ; it is not far removed from pure oxide of tin in compo- 
sition : the crystal-building forces have rejected foreign materiuJs. 
The name cassiterite when strictly used is applied to the well- 
erystallised mineral, and to only so much of the rest as can be 
shown by chemical and physical tests to be identical with it; in 
this sense wood tin may be described as unformed cassiterite. 
The crystalline grains of ordinary tinstone and the coarser 
crystals may be described as imperfectly formed cassiterite, inas- 
much as the crystal-building forces have been at work, but have 
not succeeded in excluding foreign substances. 
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Mineralogists in defining cassiterite demand a specific gravity 
between 6.8 and 7.1 and a content of 95 per cent, or more of 
oxide of tin. A miner, looking for his ore underground, would 
nave in his thoughts a material with from 8S to 95 per cent, of 
oxide of tin with a specific gravity from 6 to 6.8. A tin -dresser, 
who has to separate the oxide of tin from the rest of the ore as 
sent up by the miner, has a still broader view. The lower limits 
of the material as he conceives it would not be higher than 5 for 
the specific gravity and 65 per cent, for the content in oxide of 
tin. A critic, judging the efficiency of various methods of saving 
oxide of tin from different ores, should bear in mind the proba- 
bility of the existence of material even poorer in tin and with a 
yet lower specific gravity. Not all mines would produce such 
material, and those which did would not all produce it in quan- 
tities of equal importance. In each case its existence would need 
to be shown.* The application of the name caasiterite to such 
matei ial is an extreme and unfortunate example of the use of 
this name for all native oxide^ tin. 

Tin ore as taken from the Tode contains from i to 5 per cent, 
of cassiterite, and is mainly made up of quartz with clay, chlorite, 
felspar, tourmaline, and other stony minerals, together with more 
or less mispickel, pyiites, chalybite, copper pyrites, oxide of iron, 
and wolfram. The cassiterite has a specific gravity considerably 
higher than that of the vein’ stuff (2.5 to 3.0), and is concentrated 
by water on various appliances until the lighter material is 
removed. The concentrate is then roasted to disintegrate the 
mispickel, chalybite, pyrites, and copper pyrites, which are for the 
most part converted to oxides of iron and copper ; these oxides 
and the remaining stony matter are for the most part removed 
by a subsequent washing. When the ore contains much wolfram 
a powerful magnet is employed for its separation. The concen- 
trated product is known as “Black Tin” when it is in such 
a condition that it can be sold to the smelter. It consists of 

* The tin collected by the vanning assay will be much less than that 
contained in the ore. The black tin from the vanning assay mixed with 
fused lead chloride will separate into two or three fractions, as illustrated 
by the following example : a is the portion, lighter than the liquid^ 
which collected at the top ; b is the portion mixed v:ith the lead chlo- 
ride, and therefore of the same density as it ; and rls the heavier portion 
whioh collected at the bottom. 

aba 

Weight of fraction . .241 gram .061 gram 481 gram 

Weight of tin in it . .083 „ .036 „ .347 „ 

Similar expecihnents, nsing a heavier liquid (lead bromide) and a lightei 
one (lead chloride mixed with some sodium chloride), give further evidence 

aa 4 -a fVio naf.nrA nf fhA 



particles of cassiterite with particles of such other minerals as are 
heavy enough to be concentrated at the same time ; it is sold 
with from 5 to 1 2 per cent, of water. The chief constituents of 
black tin are oxide of tin, silica, alumina, and oxide of iron, 
together with arsenic, sulphur, copper, tuTjgsten, titanium, 
tantalum, itc., which are present for the most part as oxides; it 
may contain from 50 to 75 per cent, of tin. 

The black tin does not contain the whole of the tin which was 
present in the original ore. If the ore contained stannite, for 
instance, as far as practicable, this mineral would be rejected. 
In crushing the ore some of the cassiterite is reduced to an 
impalpable powder ; this mixed with water forms a mud or slime 
which presents exceptional difficulty in itz treatment. Suspended 
in clear water, the finest portion of this slime tin subsides with 
incredible slowness; and when mixed with t.vo or three hundred 
times its weight of clay- like material its complete separation is a 
problem which has not yet lieen solved. The proportion of tin 
reduced to slime varies with two factors — namely, the method of 
crushing and the nature of the ore. 

From the point of view of the a^isayer, there are three distinct 
problems in connection with tin ores. The first and simplest is 
as to how much tin the ore contains ; this can be answered only 
by a wet method of assaying. The second is how much black tin 
(and of what quality) the ore yields on treatment by a method 
which imitates that of the ore-dressing plant of the mine ; this 
demands a vanning assay, with a determination of the tin in the 
concentrate as obtained by the vanner. The third is to explain 
any exceptional difference in these two results, and to assist in 
reducing that difierence in the actual operations on the dressing 
floors. 

The method of assaying ores in tin mines is still mainly, though 
not exclusively, that known as vanning ; it is described in detail 
below. At its simplest, with no more elaborate apparatus than a 
shovel and a tub of water, a skilled man will separate the black 
tin from the sand in a very few minutes. Vanners are, as a rule, 
skilful men and show remarkable dexterity, more especially when 
the quantity of the black tin is being determined. The process 
leaves much to the judgment of the vanner ; one man may work up 
a richer concentrate than another, and necessarily gets a smaller 
quantity. Different vanners, all good men, but accustomed to 
work with different qualities of block tin, will vary in’ their 
results on a strange ore, probably for this reason. Nevertheless, 
duplicate assays are concordant, and in practice the returns from 
the dressing floors are in the long run in harmony with them. 

The method will probably continue in use, in spite of improved 
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wet methods of assaying for tin ; and a careful consideration of 
its merits and limitations is called for. With an ore in which 
the tin occurs as a granular cassiterite of moderately good quality 
a viinner will get results which will compare not unfavourably 
with those obtained by the older wet methods. For example, a 
vanner reported a sample of ore to yield 91 lbs. of black tin to the 
ton, and that the black tin contained 70 per cent, of tin. This 
was equivalent to 8i lbs. of oxide of tin to the ton. Two wet 
assays gave 80 lbs. and 84 lbs. of oxide of tin to the ton. To get 
such results the vanner must be allowed to do the finer crushing 
of the ore for himself. It would be easy to crush the ore so finely 
that a very large proportion of the cassiterite would be lost as 
. slime tin. 

There are ores in which some loss is apparently unavoidable, 
and with which vanners agree among themselves as to the 
auiounts of black tin capable of being saved by their method. 
The following vanning results are of this kind. The figures in- 
dicate pounds of black tin to^e ton of ore. The results of wet 
assays on che same ores are given as pounds of metallic tin to the 


ton of ore. 

Vanning 

33.5 

36-5 

3C.5 

390 

42.0 

43.S 

43.5 

Wet assay 

3 S-S 

37.S 

39-0 

42.0 

42.0 

42.0 

42.0 

Vanning 

43.5 

45-0 ‘ 

47.S 

50.5 

52.0 

56.0 

70.0 

Wet assay 

46.0 

4 S -0 

51.0 

49,0 

50.0 

60.0 

71.0 


It will be noted that the figures 0^ the vanning assays cor- 
respond with those of the wet assays within a pound or two to 
the top. Tho vanner could only accomplish this by losing, say, 
30 per cent, of the tin contained in the ore, and he does it 
consistently on all the samples. Other vanners working on the 
same ores would do it also. All the ores in this series were from 
the same mine. The following series, made on ores from another 
mine, will show that the nature of the ore is the decisive factor 
in determining the loss. The results are stated as before. 

Vanning 33.0 70,0 83.0 83.0 93.0 9ao 174.0 

Wet assay 23.0 48.0 55.0 50,5 57.0 57.0 114.0 

These seven results are selected out of thirteen as those in 

which the wet assay figures are about two-thirds of those on 

the vanning reports. Taking all thirteen results, if the vanner lost 
*no tin at all, his black tin must have contained at the lowest 60, 
an 4 at the highest 76 per cent, of the metal. It is dwthat. 
any rule for calculating the wet result from the vanning one <»n 
have only df limited application. But the vanning assay seems^io 
hove a very impbrtant use. This can be illustrated by the fol- 
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owing facts. Six samples of ore by wet assay gave each a result " 
of 50 Iba. of metallic tin to tho ton ; the vanning results on the 
same ores in pouiidr^ of black tin to the ton are respectively 
45 > 46 5, 52, 57, 59, and 83. The differences in the vanning 
results correspond with differences in the coniii»ercial value of tho 
ores which are of the liighast importance. As might be ex- 
pected, vanning is of little use in testing slimes and the tailings 
from the dressing-floors. 

The wet method of assaying tin ores was based on the behaviour 
of cajjsiterite to acids, in which* it resembled quartz and the most 
inert stony minerals. This fact allowed of the separation of 
mispickel, pyrites, wolfram, and other metalliferous minerals by 
treatment with aqua regia. Among tho minerals of the insoluble 
residue cassiterite is distinguished by being reduced to metal at a 
dull red heat by hydrogen or coal gas. The metallic tin was easily 
dissolved by acids, and so separated from the stony minerals. 
From the solution the tin was separated by zinc or sulphuretted 
hydrogen. This yielded metallic tin, or tin sulphide, which was 
converted into oxide by treatment with nitric acid, or by burning 
in air. The oxide of tin was weighed. The method, as a matter of 
fact, did give fairly good results, but it did not inspire confidence. 
The tin was not completely recovered, and there was always a 
doubt as to the purity of the oxide of tin. The method was in 
use at Dolcoath for some years, but it has nowhere won a position 
of acknowledged usefulness for the everyday purposes of a mine. 
Mr. E. V. Pearce was the first to devise a really practical method, 
which gave results in fair agreement with those of the older one 
which it displaced. Half a gram of the tin ore is fufed over a 
bunsen with a stick of soda (NaHO) at a red heat in a nickel or iron 
dish. The fused mass, dissolved in hydrochloric acid, givds a 
solution which, after treatment with metallic iron, is titrated 
with iodine. The whole of this can be done in one hour. Unfortu- 
nately, half a gram of the ore ‘is too small a charge when dealings 
with slimes and tailings from the dressing-floors, and these are 
exactly the materials for which a method is most wanted. The 
method described further on is an improvement on Mr. Pearce’s, 
inasmuch as it can deal with larger quantities. The ore is mixed 
with zinc and oxide of zinc and heated to redness *, by this means 
the cassiterite is reduced to metallic tin. The resulting Tnmw is 
attacked by hydrochloric acid with or without the help of an 
oxidising agent. In the latter case the liquor contains the tin as 
stannous chloride and is ready for titration. In the former,' 
stannic chloride is formed, and this has to be reduced to stannous 
chloride by reducing with nickel. The titration is done with 
iodine. The longer or complete process yields good results even 
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in the hands of begiri tiers, and the shorter method is easy to work 
if the nickel is used with it. 

The metiiod of assaying the black tin is a dry one, and consists 
of mixing it with *‘culm,” and submitting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
sample is taken wet as it arrives at the smelting-house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a considerable percentage is very properly made for 
impurities, since the assay really determines the percentage, not 
merely of tin, but of the bodies present which are reducible at a 
white heat. The judgment as to how much is to be deducted is 
assisted partly by an examination of the metal got from the assay, 
and partly by the experience acquired in smelting similar oi'os. 
The produce, which is that of the impure tin, is stated in parts 
in twenty ; thus a produce of 14 is equivalent to 70 per cent., or 
to 14 cwt. per ton. A fuller description of the method is given 
further on. It is still mainly, but not exclusively, used. The 
cyanide assay and wet method^4iro also employed. 

MECHANICAL SEPARATION.-- VANNING. 

This process, which has already been referred to, is carried out 
B£ follows .—After sampling the ore in the ordinary way, a quan- 
tity (varying with its richness) is weighed out. Special weights 
are generally used. The standard weight, marked 200, weighs 
about an ounce ; with poor ores this quantity is taken for an 
assay, but with richer ores 100 or even 50 is sufficient. The unit 
of weight has no special name, but the parts in 200 are spoken of 
as the produce; thus, if 200 of ore were taken and 9.5 of black 
tin were separated, the produce would be 9 J : obviously half th< 
“ produce ” will give the percentage. The weighed portion of the 
or^ is placed on the vanning shovel. The vanner stands in front 
of a tub of water (kieve) and allows 30 or 40 c.c. of water to fl()w 
on to the ore. He then raises the shovel a little above the 
surface of the water, and, holding it nearly horizontal, briskly 
rotates the water by imparting to the shovel a slight circular 
motion, passing into an elliptical one (front to back). This causes 
the finer mud to be suspended in the liquid, which is then run off, 
leaving the body of the ore in the centre of tho shovel. This is 
repeated until the water after sUmding a moment is fairly clear. 
AWt half as much water as before is brought on ; then, with a 
‘motion which is similar to the previous one, but with a jerk added 
in one direction, the heavier minerals are thrown up, and the 
stony mattepbrought back. The jerk is produced just as the wave 
of water is returning. The descending wave of water draws with 
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it the bulkier and lighter particles of the ore, whilst the heavier 
matter lying on the bottom is saircely aOected by it. The jerky 
motion, however, carrier it to the front of the shovel. The lighter 
stuff is washed off, and the residue dried by holding the shovel 
over the furnace. It now corresponds, more or less, to the stuff 
which on the mine is sent to the calciner. It is swept from the 
shovel into a scoop, and transferred to a hot crucible ; in which it 
is calcined until free from sulphur. Some vanners calcine their 
samples before commencing to van. The calcined ore is shaken 
out of the crucible on to 
the shovel ; rubbed up with 
a hammer ; and washed (as 
at first) to get rid of the 
finer and lighter “waste.” 

The separating motions are 
again gone through; and 
the “ head ” of the best of 
the black tin is thrown well 
up on one side of the shovel 
in the form of a crescent, so 
as toleaveroom on theshovel 
to work with the “tailings.” 

The quantity of water used 
is kept low, to prevent this “crop” tin from being washed 
back again. The tailings are then crushed to free the tin from 
adherent oxide of iron; and again washed to throw up the re-’ 
maining tin ore. As this tin is finely divided, it is more difficult 
to bring it up, so that a vigorous and rapid motion is ri quired. 
The tailiags ax’s now washed off, and the whole of the blkck tin 
is brought into the centre of the shovel. It requires two or three 
washings more to free it from the waste it contains. Very small 
quantities of water are used. The purity of the black tin can be 
seen by its appearance on theshovel. The cleaned ore is dried as 
before, freed from particles of iron with the aid of a magnet, and 
weighed. The weighings are carried to Jth of the unit used. 
Because of the variation in quality of the black tin, the material 
as taken from the balance should be powdered in a small mortar ; 
mixed with a few grams of potassium cyanide, and fused as 
described under dry methods, p. 281. After melting, the charge 
should be allowed to cool in the crucible, and the button of tin must 
be got at by breaking. The tin must be weighed, and should be 
reported in pounds to the ton of ore originally treated. It would 
be yet better to powder the black tin, mix it with a gram of «inc 
oxide, and treat with sine vapour^ dc., as described under wet 
methods, p. 285. 
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As an alternative to calcining in the method as described above, 
the ore may be swept from the shovel into a large porcelain dish 
and treated with 30 or 40 c.c. of hydrochloric acid or aqua regia, 
according to the general nature of the impurities. After a short 
heating, the liquor should be diluted freely and decanted. After 
one or two washings by decantation the ore should be washed back 
on to the shovel and the vanning completed. 

To havos. complete set of tools for all vanning purposes, it will 
be necessary to get the following: — ^A vanning shovel 14 inches 
long and 13 inches wide, weighing not over 2| pounds. It is 
made of hammered sheet iron of the shape shown in Fig. 57. It 
must have a light wooden handle (preferably of deal) 3 feet long. 
A bruising hammer, weighing 2J pounds, with a handle i foot 
long. A pair of tongs (furnace) 2J feet long, made of J-inch 
round iron. And a set of ordinary clay crucibles for calcining. 
There ought to be two sets of scales and weights : the first should 
be confined to weighing the powdered tin stuff, and the second 
ought to be a much higher jjiss one, for weighing the black tin 
obtained. The furnace for roasting the sample should be 10 inches 
square and 12 inches deep, with the fire-bai*s at the bottom three- 
quarters of an inch apart. The ’.fater-l>ox for vanning in should 
be at least 4 feet long, 2 feet 6 inches wide, and 8 inches deep. 

DET METHODS. 

Cornish Method. Tin Ore Assay . — ^The ore to be smelted or 
assayed should be concentrated to say not less than 50 per cent, 
of metallic tin ; though to obtain satisfactory results it should be 
brought nearer 70 per cent,, as with ore containing* less than 
40 to 50 per cent, of metal there will be a consideiable loss both 
in the assaying and in the smelting. If the ore to be operated 
on does not contain this jquantity of metal, then the sample 
(if coarse) must be reduced to a fine state, the gangue being 
removed by vanning, and the ore saved for the fire assay. 

The method adopted for the determination of tin in the ore 
is as follows: — About 2^ ounces troy (1200 grains, or about 
80 grams) of the ore to be assayed is weighed out aud mixed 
on a flat copper pan (shaped with a long lip) with one-fifth 
of its weight (240 grains, or 15.5 grams^of powdered culm, 
(anthracite). The mixture of ore and culm is either transferred 
' to a black-lead crucible before the latter is put into the furnace,, 
or, as some prefer, it is oai'efully swept into a crucible which has 
b^n imbedded in the fire. Some assay ers cover their' ppte with 
a fiat cover piaoed loosely on, while others leave the mixture in 
. the open pot. The furnace, which has been previously fired to a 
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strong heat, is then covered, and the sample is subjected to a 
sharp fire for a period of from twelve to twenty minutes. No 
definite time can be h rated, as, besides the strength of the fire, 
the quality and condition of the ore, and the impurities associated 
with it, greatly affects the time required for the complete reduction 
of the ore. As soon as the mixture in the crucible has settled 
down to a uniform white heat, and any very slight ebullition 
which may have taken place has subsided, the crucible is gently 
shaken, removed from the fire (the culm-^h or slag which covers 
the metal being carefully drawn aside with an iron scraper), and 
the metal is poured quickly into an iron ingot-mould, which is 
usually placed on a copper pan to save the culm-slag and the 
adherent metal which comes out with it. The crucible is then 
carefully scraped, and the scrapings, together with the contents 
of the mould and pan, are transferred to a mortar. There the 
ingot of tin is freed from slag and then taken to the scales. The 
rest, after being finely powdered , '% passed through a sieve. The 
flattened particles of tin which remain on the sieve are weighed 
with the ingot (the lumpj as it is called) ; whilst the siftings aw 
vanned on a shovel, and (the slag being washed off) the fine tin is 
collected, dried, and weighed with the rest : the whole gives the 
produce or percentage of metal in the ore. The results of the 
assays are expressed in cwts. of metal in the ton of ore. The per- 
centage is rarely given and never used in Cornwall. Thus — 
'*13^ Produce” would mean that the assay yielded results at the 
rate of 13^ cwts. of metal for one ton of the ore. Some assayew 
use a little powdered fluor-spar to assist the fusion of refractory 
slags. A small quantity of borax will also occasional!)^ be of 
service for ores containing silica in excess of any iron that may 
be present. The borax renders the slag more fusible, and assists 
the formation of a larger lump (with less fine tin in the slag) than 
would be obtained by the use of culm alone. 

The quality and the percentage of jmre tin in the metal will 
vary considerably, according to the impurities that are associated 
with the ore to be assayed. 

The crude lump is then remelted in a small iron ladle at as low 
k temperature as possible, and the fused metal is poured into a 
shallow trench about 4 inches long by | of an inch wide cut in a 
block of white marble. The metal wiU be silvery-white if the 
temperature employed be correct ; if too hot, the surface will show 
a yellow, rad, or blue colour (according to the heat employed) ; in 
such case the metal should be remel^ at a lower temperature. 
If the metal on cxKfiing remains perfectly clear and bright^ then 
it may be assumed that the tin is of good quality and commercially 
pure. A crystallised or frosted appearance of the metal indicates 
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the presence of some alloy, say of iron, copper, zinc, lead, antimony, 
&c. The Jissayer who has had much practice can readily distin- 
guish the metal or metals that are associated with the ore by 
noting the appearance of the tin on cooling ; and can fairly judge 
the quantity of impurity present by the amount of the crystallisa- 
tion or stain. 

Cyanide Method. — This; like the Cornish assay, is only applic- 
able to concentrated ore, and shares with it the merit of showing 
the tin as metal. A black tin with 70 per cent, of tin yields a 
button of metal of good shape and of fair quality, though not 
pure. A sample with from 50 to 60 per cent, of tin may yield 
merely a metallic muss, or a badly shaped button or a button of 
fair quality, according to the quality and quantity of the im- 
purities. In the examination of a sample of black tin these 
differences may be worth noting. 

To obtain metal of^ better quality, it is usual to clean the 
black tin by an acid treatment of more or less thoroughness, ac- 
cording to the character of ^e material. For example, 20 grams 
of the ore are treated in an evapomting dish with 30 c.c. of hydro- 
chloric acid, and kept near boiling for ten or fifteen minutes; 
then 5 c.c. of nitric acid are added and the boiling continued for 
a shoiii time. Or 30 c.c. of dilute nitric acid may be added in the 
first place and gently evaporated ; and the residue is digested 
with much strong hydrochloric acid for half an hour or more. 
Or, again, a very prolonged attack with aqua regia may be called 
for. In each case at the finish water is added and the liquor is 
filtered. The b\ilk of the black tin after washing may be dried in 
the d^sh. The filter paper is dried and burnt, and its ash added to 
the black tin ; or all the black tin is got on to the filter and 
dried ; in which case it is burnt, paper and all, in the crucible in 
which the fusion is to be made. 

There are many black tins which yield poor metal even after 
such treatment. With these, charges of 5 grams may be fused 
with, say, 1 5 grams of dry bisulphate of potash in a 3-inch Berlin 
dish over a good Bunsen flame. The fused stuff is boiled out 
with water, filtered, and washed. If wolfram was present, the last 
washings should contain dilute ammonia. The subsequent work 
is the same as previously described. 

The acid liquors may contain some tin ; for, although well- 
formed cassiterite is not at all attacked, one cannot be sure that 
the imperfect, and what 1 have called unformed, cassiterite will in 
all cases have equal powers of resistance. .Moreover, some stan-^ 
nite may be present, more especially in slime tin, and the whole 
of it woiffd be diswlved. Then, again, the presence of other tin- 
carrying minerals in small quantity is by no means improbable, 



With fused bisulphale of poUish cassiterite itself is slightly 
attacked, and a few milligrams of tin will always go into solution ; 
if the temperature of the fusion has been too high, the quantity 
of tin going into solution will be more considerable. To recover 
the tin in solution nearly neutralise the liquor with ammonia; 
pass sulphuretted hydrogen ; filter, getting all the precipitate on 
the paper without washing ; burn the filter paper, with a small 
lump of ammonium carbonate, in the crucible in which the fusion 
is to be made. 

The potassium cyanide used must be of the best quality, and 
well kept. It must be finely powdered, but the powdering should 
be done as it is wanted : care must be taken when doing this, as 
the salt is dangerous. It is usual to take twice as much cyanide 
as ore ; but with small quantities of ore sufficient must be taken to 
form a workable quantity of slag. With 20 grams of black tin 
(which must be in very line powder) you must mix 20 grams of 
potassium cyanid#', and reserve another 20 grams: of this last 
some may be put at the bottom of the crucible (E. Battersea) ; in 
which case the mixed ore and cyanide is next added ; and finally 
the rest is used to clean up the mortar, and is added to the charge 
as a cover. 

The furnace into which the crucible is to be placed must be at 
a dull red heat. Potassium cyanide melts at a low heat to a 
watery liquid, which immediately attacks the oxide of tin • and 
other metallic oxides, reducing them to metal. The metallic tin 
falls to the bottom of the crucible as a black mud, which also 
contains the silica and alumina of the black tin. To collect the 
tin into globules and ultimately into one button a much stronger 
heat is required. If iron is present the tin alloys with it and 
becomes less easy to collect in one button. The earthy mattei*, 
too, is a cause of trouble. The furnace then must be so worked 
that it shall rapidly become hotter. This causes a fierce efferves- 
cence in the slag, which is now a mixture of potassium cyanide 
and cyanate. There is a great diiference in practice as to the 
length of time during which the charge is subjected to this 
greater heat. Some leave it for half an hour, but it is more usual 
to remove the crucible from the furnace very soon after it has 
attained its full heat. The whole fusion takes ten minutes. The 
crucible is tapped vigorously, aud its contents are poured into a 
mould, which should be standing in a shovel or tray. When 
cold, the stutt* should be placed bottom up under a tap of running 
water close by a sink, so that the slag may dissolve, aud the solu- 
tion may be no soiyce of danger. Very soon the button of tin 
may be picked off, washed, dried, and weighed. The suggestion 
* SiiOa+2KCN=Sn+2KCN0. 
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which has been made that the button should be dropped into a 
crucible with melted borax, or that it should be melted in a ladle 
under palm oil, is a good one. * 

The proportion of metal obtained compared with that of the 
tin contained in the ore will be high or low according to circum- 
stancc‘s. The slag carries tin, and consequently there is always a 
loss. On the other hand, the button always carries iron, to say 
nothing of other metals, and the gain in weight from this cause 
may (and often does) more than compensate for the loss of tin; 
For example, a sample of black tin, showing 69.5 per cent, of tin 
by wet assay showed an average result by cyanide assay of 68.5 
per cent., in spite of the fact t£it the average loss in the cyanide 
assays was nearly 3 per cent. Mr. Parry * in a report on-nine- 
teen samples gives the losses of tin in the cyanide assays as from 
.5 to 2.9 per cent., with an average loss of 1.5 per cent. ; in spite 
of which the cyanide >results were higher in five cases out of nine- 
teen than those of the wet assays. 

METHODS. 

Cassiterite is not dijvsolved by hydrochloric acid, nitric acid, 
hot strong sulphuric acid, or aqua regia. It is only slightly 
attacked by fused bisulphate of potash. In some of these respects 
it is more inert than artificial oxide of tin, which is attacked by 
sulphuric acid and the Bisulphate. > It is possible that some native 
oxide of tin may be lass resistant than the fully formed mineral. 
Cassiterite is attacked freely at a red .heat by sodium hydrate,t 
with a brisk evolution of steam : sodium stannate is formed whi^ 
is ^luble in water. Sodium carbonate under the same conditions 
is ineiibetive. 

Cassiterite may be reduced to metallic tin by the following 
methods : — Heating to dull redness in carbonic oxide, hydrogen or 
cc^ gasj heating to high temperatures with carbon; heating 
with finely divided magnesium or aluminium (the reaction with 
these metals is violent); heating in zinc vapour; fusing with 
potassium cyanide ; contact with zinc which is being dissolved by ^ 
dilute add. 

• Idetallio Tin dissolves in hot strong hydrochlodp acid, Thtf 
product of the reaction is stannous chloride, SnClj, ’The reaction 
is slow, and it is of great advantage to have the tin thin or finely 
divided. Metallic tin is dissolved quickly by aqua regia; the 
solution contains stannic chloride, SnCl^, Chlorine water or % " 
mixture of hydrochloric acid and permanganate of potadb all^ 
attack tin, forming stannic chloride. ^ 

** * Th£ Auay of Tin and Antimony, L. Parry, 

t 2l!JaHO + SnO«=NaJ 3 nO.+ILO. 



Nitric acid diluted with an equal volume of water will dissolve 
tin in the cold, forming stannic nitrate. On boiling, this is decom- 
posed and an insoluble white precipitate is formed, which is 
metastannic acid. With yet more dilute nitric acid the tin 
dissolves in the cold and the solution contains stannous nitrate. 
Fuming nitric acid is without action; and the acid of ordinary 
sti'ength gives a precipitate of stannic nitrate. To convert tin to 
metastannic acid it is best to put strong acid on the metal and 
add water slowly until the attack begins; as it becomes slow, 
warm and add boiling water ; evaporate nearly to dryness, take up 
with boiling water, and filter. On ignition the precipitate yields 
stannic oxide. This is a much-us^ method fop concentrating 
tin, separating it from many metals ; and it leaves it in a weigh- 
able form. 

Stannic Chloride, SnCl^, is a colourless fuming liquid, boiling 
at ii+° 0. It combines with water to form colourless crystals, 
SnCl^. (jllaO. A strong solution on boiling loses much stannic 
chloride with the steam; with dilute solutions there is less loss. 
Solutions of stannic chloride should not be evaporated. In dilute 
solutions it is in part decomposed into stannic hydrate and 
hydrochloric acid;* the hydrate passes into metastannic acid. 
Hydrochloric acid prevents this decomposition; and when 
in excess it combines with stannic chloride, forming chloro- 
stannic acid.t Similarly sodium chloride may form sodium 
chlorostannate. 

Stannous Chloride, SnOlj, is volatile ; but as it boils at a little 
over 600® 0 , its solutions may be evaporated with safety. It is 
a quick and powerful reducing agent, and may be determined 
easily by titration with any of the oxidising standard solutions. 
The liability to error in these titrations is due to its excellence as 
a reducing agent, and more than ordinary care must be used in 
excluding all chance of subsidiary oxidation. 

Separation. — If the tin is present in an alloy, the substance is 
boiled in an evaporating dish with dilate nitric arid until the whole 
nf the material is attacked. Evaporate nearly to dryness, dilute, 
;.boil for a few minutes, and filter off the white insoluble residue. 
.Under certain circumstances this residue will be nearly free from 
other metals, in which case it is ignited and weighed. But if, as 
js generally the case, there is a doubt as to its purity, it should 
W reduced to metal by heating to redness for half an hour in a 
Aturent of coal gas. The oxide of tin is placed in a norcelaio 


• 8nCa4+4HaO=:Sn{HO)4+4HOL 
t 2HOI +SnOl4sHs8DCl8. 
2NaOH8nOl4;sKa,SnCV 
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boat (Fig. 58), which is then introduced into a piece of combustion 
tube. The latter, wrapped in a piece of wire gauze, is supported 




Fio. 58. 

mi a couple of iron rings, and heated by one or two Bunsen 
burners in a furnace fitted up with loose fire-brick tiles, as shown 
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in Fig. 59. Wlien the r(j|i(]ction is complete the tube is allowed 
to cool ; the boat is removed and the tin examined. 

Solutions of tin chloride containing salts of antimony and other 
metals can be made to yield the tin in purer form by the following 
treatment. The solution is made acid with hydrochloric acid and 
treated with metallic iron as in the process for reducing stannie 
chloride to stannous chloride by that met^il. The liquor must be 
filtered; it should be made acid and warmed. Some zinc i.s 
added ; this precipitates tin as a spongy mass. The completion 
of the reaction may be recognised by testing some of' the liquor 
with sulphuretted hydrogen. The tin, with some residual zinc, 
can be separated from the liquor hy decantation, and the washing 
can be done by the same method. The residual zinc, may be 
picked out, but care must be taken to wash back any adhering 
tin. The tin may be converted to metastannic acid by treatment 
with nitric acid, in which case it will be subsequently weighed 
as oxide; or it can be dissolved in hydrochloric acid and titrated 
with iodine just as in stimdardising. 

G-RAVIMBTEIC METHOD. 

Metastannic acid is obtained by treating the metal with nitrio 
acid, as already described. Wash with hot water, dry, transfer 
to a weighed porcelain crucible ; bui-n the paper, add its ash to 
the contents of the crucible, ignite strongly, cool, and yeigh; 
The substance is stannic oxide, SnO,, and should contain 78.7 . 
per cent* of tin. 

Stannic sulphide, SnS,, obtained by passing sulphuretted hydro- 



TIN. 


28s 

gen through a slightly acid solution of stannic chloride, is filtered 
off, and washed with sulphuretted hydrogen water. The paper 
with the precipitate is dried, placed in a weighed porcelain cru- 
cible, and burnt very gently with free access of air. When the 
carbon has burnt away the residue is ignited morn strongly. It 
is cooled and weighed. The substance is stannic oxide, 

VOLUMETRIC METHOD. 

All the ordinary oxidising solutions are capable of being used 
for the volumetric determination of stannous chloride ; standard 
sdlutions of bichromate of potash, permanganate of potash, fenic 
chloride and iodine are chief among those wiiich are recommended. 
Stannous chloride is so active that the finishing-point with per- 
maganate of potash or iodine is exceptionally well marked. 

To get the most accurate results, the titrations should be made 
in the absence of air. Concordant results may be obtained with- 
out this precaution, but with a loss in confidence and precision. 
In practice an assay liquor nearly ready for titration is in an 
air-free condition, and it costs practically nothing to preserve it 
in this state. If this precaution is taken, the titiution with iodine 
is an exact and convenient process for determining tin, and is 
superior to the alternative methods. 

A complete process applicable to a tin ore comprises the fol- 
lowing operations : — Preparation of the ore ; reduction of the 
cassiterite to metallic tin ; dissolving the tin to a solution of 
stannic chloride; reduction of the stannic chloride to stannous 
chloride ; titration with iodine. These operations are described 
in the following account of the actual work on four charges of a 
sample of black tin. 

Preparation of the Ore. — The ore was black tin of good 
quality. To keep the titration within the limits of a 50 c.c. 
burette, it was decided to use charges of .3 gram. The ore was 
finely powdered in an agate mortar. The weighing was made to 
the nearest tenth of a milligram on the pan of a cheap Becker’s 
bullion balance ; an ordinary balance would have taken longer to 
do the weighing. A Berlin crucible (Oa, 15 c.c. capacity), 1} 
grams of zinc oxide, and 4 grams of sheet zinc cut into small pieces 
had been previously provided. A little of the zinc oxide was put 
in the crucible to cover the bottom ; and most of the zinc was 
placed loosely on this. About half the remaining zinc oxide was 
put in an agate mortar, and the black tin from the pan of the 
balance was emptied on to this. The cleaning of the pan was made 
with some of the remaining zinc oxide. The ore and oxide were 
then mixed and swept into the crucible on to the zinc. The mortar 
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was cleaned with the rest of the zinc oxide, which was added to 
•the crucible with the remaining zinc. All this care was needed 
because the assay was being m^e on a small charge of rich ore. 

Beduction of the Cassiterite to Tin. — ^Before weighing up tho 
ore a Bunsen furnace had been lit. This had been extemporised 
out of a G crucible and a dozen square slabs of asbestos, as shown 
in the illustration on the next page. It was heated by a largo 
Bunsen burner, with 1.5 cm. tube. A muffle furnace can be us^ 
in its place, provided the heat be kept below the melting-point 
of silver, and some pieces of charcoal are burning in it to prevent 
an •oxidising atmosphere. The cnicible was placed in the furnace, 
and the crucible lid fitted on upside down. The ring of the lid 
had previously been knocked off so that it should not reach down 
into the charge. The assay was left in the furnace for ten minutes, 
duiing which time the next charge was made ready. 

Dissolving the Tin.— The crucible was lifted out by grasping 
the lid with tongs ; a slight ring of oxide of zinc bad formed, and 
it gave sufficient adhesion. #6 was allowed to cool for ten minutes. 
During this time the second charge was in the furnace, and the 
preparation of the third and fourth chaises was complete. 

There were provided an 8-ounce flask, a funnel with a wide and 
very short neck, a 3-inch evaporating dish, an acid measure with 
50 C.O. of strong hydrochloric add, and about a gram of per- 
manganate of potash crystals. The crucible lid came off easily 
when pressed with the blade of a knife ; it was placed in the dish 
with about 10 c.c. of the add. The lump in the crumble was 
crushed gently with a rounded gla^ rod and transferred through 
the runnel into the flask ; the rod was used to press through the 
lumps and then placed in the dish. The crucible was partly filled 
with acid, which was emptied into the funnel, and this was repeated. 
The final cleaning of the crudble was effected in the dish along 
with the lid and the rod. The remainder of the add was added 
to the contents of the flask. As soon as the effervescence became 
sluggish the flask was placed on a sand-bath, where it was heated 
to boiling. By this time the second charge was cool enough for 
dmilar treatment ; the replacing of the charges in the funmoe 
also required a little attention. The flask, which was withdrawn 
from the heat when it began to boil, bad oooled.oohdderably. 
permanganate crystals were dropp^ into it steadily until thm 
was abundant evidence d chlorine; a crystal or two were pt^ 
in the omdble in the basin at the same time. Once or twic% M 
the evidence ol chlorine weakened, a few more eryetak were ^dAd 
to the flask* r This was done whilst the second (hatge was beiny 
treated. The digestii^ with chlorine liquor was continued lor 
ten minutes. The crudble, rod, and lid were removed and w«shed| 
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and the washings run back into the basin. The contents of the 
basin were run into the flask, as also were the washings of the 
basin. 

Beduction to Stannous Chloride. — A crucibleful of common 
salt, about 15 grams, was added to the flask, and this was followed 
by hot water to bring the bulk up to about 150 c.c. The assay 
was tlien placed on a sand-bath and brought rapidly to boiling, 

A piece of nickel foil 20 cm. long by 5 cm. wide had been 
coiled on itself to form a cylinder which would pass comfortably 
through the neck of the flask. A glass rod 25 cm. long had been 
softened before the blowpipe and pressed into a knob ; this rod, 
passed through the coil, served as a holder for it. A cork rather 
too large for the flask had been bored and placed on the rod, along 
which it could be moved, but not easily. The detail inserted in 
the upper figure on page 287 explains the nickel coil ; and the 
flask on the left illustrates it in use. The rest of the figure 
sbow^s the assay cooling in an atmosphere of carbonic acid. 

When the assay solut,ion ^as nearly boiling the nickel coil was 
let down gently so that the Knob of the rod rested on the bottom 
of the flask ; whilst the cork obstructed the mouth of the flask 
without closing it. A brisk eflervescence on the nickel set up 
almost at once, and in a minute or so tlio solution became 
colourless. Some brown manganese stains on the neck of the 
flask were removed by raising the nickel and touching them with 
it. The heat was maintained at such a point that there was a 
sieady boiling, but with as little evaporation of the liquor as was 
compatible with this temperature. The action of the nickel was 
continued for half an hour, and it required little or no attention. 
Five minutes later the second charge was also being reduced. 
The third charge was being treated with acid. By the end of the 
half-hour the third and fourth asstiys were ready for the nickels. 

When the first assay had been boiling half an hour the gas 
flame was turned on full so as to increase the rate of boiling ; the 
nickel was drawn up into the neck of the flask and washed with 
water which had been boiling a minute or so before. The 
nickel was placed at once in the third assay liquor. The neck of 
thd^ flask was closed at once with a cork having a short eduction 
tube bent at right angles ; and a heavy lead collar was slipped 
over the neck of the flask. A rapid jet of steam was issuing from 
the eduction tube. A small Kipp carbonic acid apparatus was 
ready at the side ; it had a rubber tube long enough to i^h the 
flask, and of a size to fit on to the eduction tube without delay. 
When it was judged that all air had been blown out of the flask 
by the steam the tap of the Kipp was opened, and the tube with 
a jet of oarbonio acid issuing from it was slipped over the eduction 
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tube. For a s}jort time the Husk was sending steam into the 
Kipp; it wus tlien lifted from the sand bath and placed in a 
basin of cold water. b'i\e minutes later the second assay wa^ 
similarly cooling in an atmosphere of carbonic acid and the fourth 
was being reduced by nii-kel. 

The Husk Wits removed twice into fresh basins of cold water. 
The cooling took fiom ten lo'/ifteen minutes. At the end the 
fliisk was agitated in order to saturate the liquor with carbonic 
acid. 

Titration with Iodine. — A 50 c.c. burette was filled with a 
solution of iodine which had been prepared of such strength that 
100 c.c. would be used up by .5 gram of tin in solution. The 
.3 gram charge of black tin, therefore, would use up from 36 to 
45 c.c. if it coutiiiiied from 60 to 75 per cent, of tin. 

TTie (1 isk with tlio assay liquor was removed from the basin 
and disconnected from the Kipp; the cork was not taken out 
until it Avas under the burette. 35 c.c. of the iodine solution 
were run in quickly, and then gently mixed with the liquor ; it 
was bleached ini mediately. A few c.c. of starch solution were 
added, and the addition of the iodine solution was resumed. 
Several drops were used at a time until the blue colour which was 
monient:irily foimed bleached less quickly, then one drop at a 
time; and soon a full blue colour, persistent throughout the whole 
solution, showed the titration to be finished. The reading was 
41.8 c.c. The other titrations followed in steady sequence with 
rchults 4T.7, 41.6, and 41.7 c.c., the mean result corresponding to 
69.5 per cent, of tin. The time taken in working the four assays 
was about two and a half -hours. 

Notes on the Method.— Tlie use of the oxide of zinc is essential 
with tlie richer mat eri.ils, and an equal amount of finely-powdered 
quartz may not bo safely suiistitutcd for it, as is shown by the 
following experiments. Six assays were made with .4-gi am charges 
of black tin of poor (piality, using oxide of zinc, with results ranging 
from 52.25 to 52.35 per cent, of tin; four assays, using quartz 
insteail of oxide of zinc, gave results ranging from 49.2 to 51.8 
per cent. In the ca^e of ores as raised from the mine and with 
tailings and slimes, it prevents completely the baking to a brick 
which does not disintegrate well when treated with acid. It 
makes even such fusible material as tin slags amenable to the 
method. The dealers succeed in supplying zinc and zinc oxide 
with tin in it, but the impurity is inexcusable. The ordinary 
metal of commerce and the ordinary zinc oxide will serve for this 
purpose. Test them by dissolving 10 grams of each in hydro- 
chloric acid. Use 50 c.c. of acid and proceed exactly as in an 
assay, omitting only the furnace treatment. The first drop of 
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iodine, or at most the second, should give the blue colour. Zinc 
dust is very convenient in that it facilitates the mixing, but 
ordinary sheet zinc from an ironmonger will do. There is no 
need to vary the quantity of zinc used when assaying different 
ores. 

Air must be excluded from the assay liquor before and during 
titration. Experienced workers no longer tolerate its presence. 
The reaction of the stannous chloride with iodine stimulates the 
oxygen dissolved from the air* to a quick co-operation in the 
production of a stannic salt, so that notably less iodine is used. 
An atmosphere of carbonic acid is conveniently obtained by 
dropping in a piece of marble, or, as just described, with a small 
Kipp apparatus, which costs only a few shillings and uses up little 
acid if the work is done as directed. With^the larger quantities 
of tin let the iodine solution flow in gently, so that it rests on the 
assay liquor under carbonic acid and in quantity sufiicient to veiy 
nearly complete the titration, and work so as not to throw the 
carbonic acid out of the fla^^ until you are quite near the end. 
With ordinary mine materials, ores and tailings, work as if you 
were quite near the end when you begin. 

In dissolving the tin from the charge after treatment in the 
furnace, the work has become simpler because of the efficiency of 
the zinc oxide. With two or three grams of ore or tailings con- 
sisting mainly of silica the acid should be poured on freely to avoid 
clots. There is no need to filter oflT undissolvod silica, as even four 
or five grams of it will cause no trouble in subsequent operations. 
If the ore contains arsenic the hydrogen which comes off on adding 
hydiychloric acid is very dangerous. If mispickel is known to be 
present it is wise to dissolve it out. When working ores systema- 
tically the extra labour of treating with acid is trifling ; though, 
of course, there will be a larger number of assays in hand at a 
given time. A chlorine attack, as described at the bottom of 
p. 286, is needed very rarely ; it is used when testing ores from 
unknown sources and for purposes of instruction. A learner must 
know how to deal with a stannic liquor. 

The use of nickel for reducing stannic to stannous chloride is 
very satisfactory. The conditions required are : free acid equiva- 
lent to 20 or 30 c.c. of strong hydrochloric acid, and a tempera- 
ture quite up to boiling. The speed of the action falls off rapidly 
as the temperature falls, and is practically nothing in cold solu- 
tions. With not enough acid in the liquor an addition of common 
salt appreciably quickens the reduction. A ^particular nickel coil 
may work badly because it is new or oily or because it has become 

* 3ii01,+2H01+0*SnCl4+H,0. 



foul with precipitated metals. Boiling it in an acid solution of 
ferric chloride is a good lemedy. A nickel coil working as 
described is in fair condition if it reduces nine-tenths of the 
stannic chloride in the course of five minutes. To test this, make 
a solution of stannic chloride with .5 gram of tin to tho 100 c.c. 
Take an 8-ounce flask with 30 c.c. of hydrochloric acid and 15 
grams of salt. Add water to make up the bulk to 150 c.c. after 
adding 10 or 20 c.c. of the tin solution from a burette. Tint 
with a little ferric chloride, and proceed exactly as in assaying ; 
stop the action by removing the nickel five minutes after the 
bleaching of the ferric chloride. If 10 c.c. of tin solution wore 
taken, at least 9 c.c. of iodine should be used up in the titration. 
With the poorer ores, the treatment with nickel should only last 
twenty minutes, counting from the bleaching of the liquor. The 
nickel is used in all cases, but the period of boiling is shortened 
to ten minutes when the chlorine attack is omitted. 

The Furnace. — On a mine where Bunsen burners are not 
available a Vesuvius lamp for petroleum with a vertical burner 
and of 1000 c.c. capacity works quite well. In what follows all 
the dimensions arc given in centimetres. The lamp gives a flame 
about 20 cm. higli and about 3 cm. wide at the base. The furnace 
for it can be made from a tobacco tin, 10 to 15 cm. high and 10 
cm. in diameter. The bottom should be taken off or a central 
hole 6 cm. in diameter should be cut in it. At 4 cm. from the 
top and at equal distances round the tin three holes should be 
punched to take round nails or screws which serve to support the 
crucible. The tin is lined with asbestos by packing wet asbestos 
pulp around a wood cylinder 6 cm. in diameter which may |aper 
slightly : the cylinder is loosened by rotating it and then with- 
drawn. When much of the water has dried ofif, the cylinder is 
replaced, some more asbestos packed in to make the lining more 
compact. Holes are then made for the nails or screws ; these 
should be fixed so as to project about i cm. into the tube beyond 
the lining. Each nail is capped by a pellet of asbestos pulp ; the 
pellet is pressed on wet and shaped with the fingers. The re- 
placing of an asbestos cap gives very little trouble ; wetting the 
nail with sodium silicate is an advantage. The furnace is dried 
slowly. The flame of the Vesuvius lamp plays up the cylinder 
upon the crucible. The furnace is improved by an increase of 
the height above the crucible by 4 or 5 cm., but this should be 
separate for convenience in getting at the crucible. We use a 
square block of asbestos slal^ from the other type of furnace ; 
the squareness is convenient. 

The same furnace will do with, an ordinary Bunsen burner. 
The draught must be. checked by constricting the openings. A 
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slab w^.th a 3 cm. hole may be fixed at the bottom ; and a loose 
slab witli a 3 to 4 cm. hole makes the top of the crucible hotter 
when it is placed over the furnace as a cover. In the labomtory 
a furnace like that shown in the lower figure on page 287 is very 
steady and efficient. The Bunsen burner now used is an ordiiuiry 
one with a i cm. tube the flame of which is about 20 cm. high. Tl-.e 
lower asbestos lined tube is about 13 cm. high and the internal 
diameter tapers from 3 to 4 cm. ITie block on the top is made 
of slabs of asbastos 16 cm. square built one on the other to a 
thickness of about 5 cm. They are held together by 3 clamps 
of hoop iron ; the clamps may be U shaped, but serve longer if the 
bends are square. The central hole is c}lindric}il or slightly 
tapering and from 5 to 6 cm. in diameter. Instead of the pipe- 
clay triangle as shown in the drawing, a thin sheet of metal about 
15 cm. squai*e with a 7 cm. hole in it is placed between the i-econd 
and third slabs of asbestos counting upwards. This holds 3 pieces 
of stout knitting needle which project radially for about i cm. 
into the furnace and are caf^ed with asbestos. 

Preparation of the Ore. — Tlie samples fi'om the ore-dressing 
plant are already crushed so that the coarsest of them is a sand : 
those from the mine are crushed by a .small machino to the same 
condition in a few minutes. The drying of the wet samples takes 
longer. About 400 grams of dried and mixed sample are passed 
through a disc grinder. This is transferred to a large 12-inch 
mortar, mixed and rapidly halved; the mixing is continued, and 
a half rapidly transferred to an ordinary 6-inch Wedgwood mortar. 
Here the mixing and halving is continued until only 7 or 8 
grams remain. This is rubbed to a finer powder, halved, and 
reground until the material uniformly adheres to the mortar. 
The powder is swept out to a numbered holder and taken to the 
balance. 

The concentrates containing from 20 to 70 per cent, of tin are 
prepared apart in a sepaiate room. Tliey are in the form of a 
fine sand or a coarse powder. The dri«Hl sample is mixed and to 
some extent ground in an ordinary Wedgwood mortar. It is 
halved at intervals until about 7 or 8 grams of it remain and this 
is ground very finely. All but about one and a half grams of it 
are swept out and the grinding is continued to got the powder 
grit free : towards the finish it adheres uniformly to the mortar. 
The powder is swept out to a numbered holder and taken to the 
balance. 

, A preliminary cleaning with acids, except with mispickel in the 
ore, .is rarely or never needed. Like the chlorine attack it is used 
for purp&es of confirmation or instruction. Practically all the 
assays are made on the raw ore. 
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With ores and tailings a charge of 2240 milligrams is used when 
the report is given in pounds in the legal ton ; and 2000 milligrams 
are taken when the short ton is used. With these the strength 
of the iodine is such that i c.c. of it represents 5 milligrams of 
tin and consequently 5 Ih. of tin to the ton. The concentrate 
assay with such work would have 500 milligrams as the charge 
and each c.c. of iodine represents one per cent of tin. 

On the other hand, where the assay of rich concentrate is a 
more import-ant part of the work the solution of iodine is made 
twice this strength and a charge of 1000 milligrams is taken. 

Standard Solution of Iodine. — Weigh up 10.67 grams of 
iodine and 25 grams of potassium iodide for each litre of solution 
to be prepared. Place in a laigo beaker ; pour on a little water, 
and allow to stand for some time. Pour oil* the solution, add a 
little more potassium iodide to complete the solution of the iodine. 
Dilute to the required volume. 

Solution of Starch. — Make 5 grams of starch into a thin 
paste with !i little water : pour it. into 200 c.c. of boiling water. 

Standardising Solution of Iodine. — Weigh up accurately 
about .2 grain of pure tin in foil or filings. Put it into an 8-ounce 
flask ; adil 40 c.c, of hydrochloride acid, and heat to gentle boiling 
till dissolved ; dilute with water, and reduce with nickel ; ten 
minutes treatment with the nickel will do. 

Assay of a Concentrate. — Weigh accurately 500 milligrams 
of the tinely-powdered concentrate and transfer to a Berlin 
crucible (Oa or 0) already containing i gram of mio oxide : add 
5 grams of zinc dust ; these are estimated roughly by measure ; 
complete the transfer by brushing in with a little more zinc oxide : 
the crucible should be standing on a clock glass. Mix by stirring 
with a glass rod. Place the crucible on a neighbouring clock 
glass : clean the brush and first clock glass and rod by dusting 
with some more zinc oxide and sweep into the crucible as a cover : 
everything should be dry and may be warm with advantage. 

Put the crucible in an already heated furnace : put on the cover 
which should he hot also ; leave for 15 minutes. If the crucible 
adheres slightly to the supports detach it by a sideways pressure 
so as not to pull off the cover : lift the crucible out and allow to 
cool for 10 minutes. If there is some soot it may be brushed 
off with a tooth brush. A gentle tap upwards will loosen the 
cover if it is in the usual position and pressure with the edge of 
a knife will do it when inverted. Place the cover in a 4-inch 
dish and pour on 40 or 50 c.c. of hydrochloric acid. The charge 
containing nearly all the tin may be transferred to an 8-ounce flask 
through a dry funnel with a short cut-off wide neck : the crucible 
may be cleaned with a knitting needle and some oxide of zinc : 



294 


TEXT-BOOK OP ASSAYING. 


the funnel, needle and brush are cleaned by dusting with oxide 
of zinc into the flask. The crucible is placed in the dish of acid 
with the cover. In about five minutes the buttons of zinc are 
dissolved : the crucible and cover are lifted out and washed with 
more acid during the operation. The acid is then poured into the 
flask (not through the funnel) and some more acid used <kS a wash : 
about 70 or 80 c.c. of acid may be used altogether. When the 
pieces of zinc have dissolved the acid is heated to boiling, and the 
boiling is continued gently for about five minutes : in appearance 
this should dissolve up everything ; there should be no trace of 
ca.ssiterite which has escaped attack on the bottom of the flask. 
Dilute with hot water to about 150 c.c. ; insert a nickel coil and 
boil briskly for 10 minutes. Then take^out the nickel whilst the 
boiling continues ; wash with hot boiled water, beginning at the 
top of the rod whilst raising it : give three or four small washes 
whilst the nickel is in the. neck of the flask. Close the flask with 
a well-fitting cork with eduction tube. Put on a lead collar. 
The steam should come br^ly from the eduction tube. Open 
the tap of the Kipp, at once shut oflT the carbonic acid by squeezing 
the rubber with the fingers ; press the flask by the cork gently 
on to the plate on which it is boiling and bring the rubber 
connection of the Kipp over the eduction tube, letting the 
carbonic acid stream out^on to the steam which it condenses. 
Lift the flask off the plate and place it in a trough of water where 
it may be left for the cooling. 

This connecting with a !^pp is easy and quick and gives the 
worker a free interval between the boiling and the titration which 
may be very useful. The alternative is to withdraw the flask, 
insert a small lump of marble, and cool quickly by hand under 
the tap and titrate immediately. 

When cold, the rubber from the Kipp is disconnected from the 
eduction tube and the still closed flask taken to the burette which 
should be ready for the titration. If similar material gave assays 
varying from 62 to 72 per cent, then 60 c.c. of the iodine would 
be run in at once. To avoid an error due to the liquor damping 
the sides of the burette the iodine should be run in rather slowly 
yet In a steady stream. The flask should be uncorked under tl)e 
burette and held sloping and touching the jet so that the iodine 
liquor runs down on to the assay liquor and there is no splashing. 
A gentle rotation will mix the two liquors and the iodine will be 
immediately bleached. The work fro^n now is an ordinary 
titration worked quickly. Add a few c.c. of starch, mix gently ; 
add several drops of iodine at a time until the blue colour 
momentarily fdrmqd bleaches less quickly ; then add one drop at 
a time until the added colour is persistent throughout the whole 
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sence of nickel sal .8 or lead iodide ; both these are hV y to be p»- 
sent : the lead cornea from the zinc used. Where dupi t dte as^JH Wr6 
made the second assay would have iodine run in up to within i c.c. 
of the finish at the first adding: In standardising for these assays 
use a quantity of tin (.3 to .35 gram) similar to that in the assays. 

A charge of 1000 milligrams is also used : the iodine is of twice the 
strength : the tin is dissolved by placing the crucible in a 250 c.c. 
beaker with 100 c.c. of hydrochloric acid : the beaker is covered wdtli 
a clock glass : when the effervescence is less vigorous the crucible 
cover is put in. The acid tin liquor, when all is dissolved, is carefully 
transferred to an 8-ounce flask : the last portions are carried in by 
frequent small washings. The rest of the work is the same as given 
above : the double charge gives the same result, but with it i milli- 
gram of tin has only half the importance. 

' Assays of Ores and Tailings. — Weigh up 2000 (or 2240) 
milligrams of the finely- powdeied ore and mix with about 

4 grams of zinc dust and 1.5 grams of zinc oxide by stirring with 
a glass rod in a Berlin crucible. Place in a previously heated 
furnace, put on a hot crucible cover; take out at the end of 
10 minutes : allow to cool. Transfer to an S-ounce flask through 
a funnel with a short wide neck : use a little zinc oxide to com- 
plete the transfer. Add 60 or 70 c.c. of strong hydrochloric 
acid in a steady stream and shake to prevent clotting. When 
the effervescence is slackening, and there is no evidence of 
undissolved zinc buttons, warm slowly to boiling. Boil for . 

5 minutes. Dilute with hot water to about 150 c.c. insert the 
nickel, heat to boiling, and boil quickly for 10 minutes. * Take 
out the nickel. Cool under carbonic acid. Add some starch and 
titrate quickly with iodine : perhaps only a few drops, at most 
only a few c.c. of iodine will be required. Each c.c. should 
represent 5 milligrams of tin, and, consequently, 5 lb. of tin to 
one or the other ton of oi*e, according to which charge was taken. 

With richer ore the zinc on the crucible cover would be dis- 
solved and the crucible cleaned in the acid before pouring it on 
to the charge in the flask. Further, the nickel should be washed 
as well as drained on withdrawing it from the assay liquor. 


TITANIUM. 

' Titanium only occurs as a mineral in its oxidised state, or as 
titanic oxide (TiO,). It is a substance which has little commer- 
cial value, and is generally recognised as one of the rare bodies ; 
although, in small quantities, it is widely disseminated. It occurs 
in granite, basalt, and other igneous rbc^ in quantities up to as 
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mtich as 1 per cent. It is also mot with in clays and iron ores , 
and in river sands, in which it is often associated with stream tin. 
The proper minerals of titanium are rutile (TiO,), titaniferou^ 
iron (titanate of iron), and sphene (titanate and silicate of lime). 

Tho oxide of titanium (like cassiterite and quartz) is undeeom- 
posed by hydrochloric or nitric acid ; so that it is generally found 
in the residue insoluble in acids. The titanates, however, art 
attacked, and a portion of the titanium dissolves ; so that it must 
bo looked for in both the filtrate and residue. Oxide of titanium 
in its native form, or after ignition, may be made soluble by fusing 
the finely-divided substance with fusion mixture in a platinum 
dish. The resulting titanate is dissolved out of the " melt ” by 
cold hydrochloric acid. 

The method most commonly used is fusion with bisulphate of 
potash. This renders the oxide of titanium soluble in cold water. 
The process is as follows: — ^The substance is eirtracted with 
hydrochloric and nitric acids, and the solution reserved for further 
treatment ; the residue is ^ed, moistened with sulphuric acid, 
and evaporated once or twice to dryness with hydrofluoric acid. 

It is then fused with bisulphate of potash, and the “ melt^’ ex- 
tracted with cold water until all soluble matter is removed. Tho 
solution is filtered. The residue may consist of unremoved silica, 
and oxides of tantalum, niobium, and, perhaps, chromium. On 
the prolonged boiling of the filtrate, the oxide of titanium (and 
oxide of zirconium, any) is precipitated. 

Any titanium dissolved by the fet extraction with acids is re- 
covered in the following way .'—Sulphuretted hydrogen is passed 
into the acid solution, and any precipitate that may be formed is 
filtered oif. The filtrate is oxidised, and the iron, aluminium, and 
titanium are sopai-ated as basic acetates (see under Iron). The 
precipitate is dried and fused with bisulphate of potash. The 
** melt” is extracted with cold water, filtered if necessary, and the 
solution rendered first faintly alkaline with ammonia, then very 
slightly acid with sulphuric acid. 30 or 40 c.c. of a saturated 
solution of sulphurous acid is added, and the oxide of titanium 
piwipitated by prolonged boiling. It is filtered off, added to the 
precipitate previously got, ignited with ammonic carbonate to- , 
wards the end, and then weighed. 

Detection. — ^Titanium is detected in an insoluble residue by 
fusing the residue for some time in a bead of microcosmic salt. 

In the reducing flame it gives a violec colour, which becomes 
reddish-brown if much iron is present. In the oxidising flame it 
gives a colourless or whitish bead. It is best detected in acid 
8olutions'*by the deep brown or iodine colour developed on adding ' 
hydroxyl. A solution of this can be prepared by pouring pe^ 
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03 d(le of barium (BaOj,) dift'ased in water into dilute hydrochloric 
acid (a little at a time), and keeping the acid in excess. 

Separation. — In the usual coui*se of an analytical separation 
the hydrate of titfinium will be thrown down with ferric hydrate, 
(fee., on the addition of amnionic chloride ai d ammonia. It is 
best separated from tliis precipitate by fusion with bisulphate of 
potash, as alieady described, but it must be rememlxired that the 
presence of much mineral acid prevents complete precipitation when 
the solution is boiled. Further, if phosphates are present, the pre- 
cipitate will contain phosphoric oxide ; it may be freed from this 
by fusion with sodium carbonate. A very good method of sepa- 
rating titanium from iron is to add tartaric acid and ammonia to 
the solution, and then precipitate the iron (as sulphide) with sul- 
phuretted hydrogen. The filtrate contains the titanium, which 
is recovered by evaporating and igniting. It may be separated 
from zircouia by the action of sodium carbonate, which precipi- 
tates both ; but when concentrated, redissolves the zirconia. 
The separation from large quantities of silica is best effected by 
evaporating with hydrofluoric acid, which volatilises the silicon ; 
but sulphuric acid must be prasent, otherwise some titanium also 
will be lost, as may be seen from the following experiments,* ih 
which oxide of titanium (pure, ignited) was evaporated to dryness 
with a quantity of hydrofluoric acid known by experiment to be 
sufficient to volatilise i gram of silica. 

Without sulphuric acid, 0.0466 gram of titanic oxide left 0.0340 
gram, showing a loss of about 25 per cent. 

With sulphuric add the following results were obtained 


Oxide taken. 
0.0340 gram 
0.04 14 „ • 

0.0520 „ , 

0.0352 „ , 


Left after Evaporation 
and Ij^uihuu. 
0.0340 gram 
O.Q413 M 
0.0520 „ 
ao352 


GBAVIHETEIC DETEBMINATION. 

The titanic hydrate thrown down by ammonia (or on boiling 
the solution from the bisulphate) is collected, washed, dried, 
ignited strongly with the addition of a little ammonic carbonate, 
and weighed. The substance is titanic oxide (TiO,), and is gene- 
rally reported os such. It contains 60.98 per cent, of titanium. 
It should be white, if pure (Holland), white, yellow, or brown 
(Presenius), or black (Tidy). 


Pablisbed by F. Holland, in the Chemical Newst vol. iiz. p. 27, 
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VOLUMETEIC METHOD. 

A method has been proposed based on the reduction of titanic 
oxide by zinc in hydrochloric acid solutions to the sesquioxide. 
The reduction is marked by the development of a violet or green 
colour, the former with chlorides and the latter when fluorides are 
present. The quantity of titanium reduced is measured by titrat- 
ing with permanganate of potassium solution. The water used 
must be free from dissolved oxygen. 

• 

TUNGSTEN AND TUNGSTATES. 

Tungsten occurs in nature only in the oxidised state, or as 
tungstic acid (WOj), either free, as in wolframine, or combined 
' with oxides of manganese^and iron, as in wolfram, or with lime, 
as in scheelite. Wolfram occurs associated with tin ores, the 
value of which is consequently^ wered. Bbtli wolfram and schee- 
lite are of considerable imporiance as a source of tungstic acid for 
the manufacture of sodium tungstate, which is used as a mordant 
and for some other purposes, and as a source of metallic tungsten 
and ferro-tungsten, which are used in steel-making. 

The tungsten mineirals have a high specific gravity (6 to 7.5). 
On treatment with hydrocliloric acid or aqua regia they are 
decomposed; tlie yellow tungstic acid separates and remains 
insoluble. 

Tungsten itself is insoluble in nitric acid or aqua regia; but is 
converted into tungstic acid (WO,) by prolonged and strong igni- 
tion in air. Alloys containing tungsten leave tungstic acid after 
treatment with nitric acid or aqua regia. Tungstic acid may be 
got into solution after fusion with alkalies or alkaline carbonates. 
This solution gives with hydrochloric add a white precipitate of 
tungstic acid, which becomes yellow on boiling, but the separation 
is not complete. Fusion with bisulphate of potash gives a resi- 
due, which does not dissolve in water, but is soluble in ammonic 
carbonate. For the assay of minerals containing tungsten these 
reactifins are only occasionally taken advantage of for testing or 
purifying the separated tungstic acid. 

Detection,— The minerals are easily recognised by their 
■'physical characters, and the yellow tungstic acid separated by 
boiling with adds is the best test for its presence ; this, after de- 
canting and washing, immediately dissolves in a few dropc of 
dilute ammonia. A solution of tungstate addulated with hydh)« 
chloric aoid^beodmeSy intensely blue on the addition of stannous 
chloride and warming. Fused, in a bead of microcosmic salt it 
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gives a clear blue colour (reddish brown if iron is also present) in 
tbe reducing flame, but is colourless in the oxidising flame. 

Solution and Separation. — The decomposition and solution 
of natural tungstates is difiicult to effect owing to the separation 
of tungstic acid ; the method of treatment is a > follows : — ."Boil 
the finely-powdered substance with hydrochloric acid or aqua 
regia till it apparently ceases to be attacked ; dilute, filter, and 
wash with dilute hydrochloric acid. Cover with dilute ammonia, 
and filter the solution, which contains ammonic tungstate, into 
an evaporating dish. Treat the residue again with acid, and 
again dissolve out the separated tungstic acid with ammonia, and 
repeat this opeiation until decomposition is complete. By this 
means there will bo obtained — (i) a solution containing tungstate 
of ammonia ; (2) an insoluble residue with silicates, and oxides of 
tin, niobium, tantalum, &c. ; and (3) an acid solution containing 
the soluble bases. The tungstate of ammonia requires simple 
evaporation on the water-bath aad gentle ignition in order to 
cause the tungstic acid to be left in an almost pure state ; possibly, 
it may carry a little silica. 

GEAVIMETEIC DETBEMINATION. 

The tungstic acid is dissolved, and separated as ammonic tung- 
state, and, after evaporation, is gently ignited, the heat being 
increased towards the end. The residual tun^tic acid is fixed, 
so that when the ammonia has been driven off it may be strongly 
heated without loss. It is a dark yellow or brown powder whilst 
hot, which becomes a light yellow on cooling. If any reduction 
has taken place it will be more or less greenish. It is weighed 
when cold, and is the trioxide or “tungstic acid” (WO3), which 
contains 79.31 per cent, of tungsten. After its weight has been 
taken its purity is checked as follows; — Add sufficient distilled 
water to cover the tungstic acid in the platinum dish, and about 
I gram of pure caustic soda. Digest on the water-bath for a few 
minutes, till all the tungstic acid has dissolved. Wash the con- 
tents of the dish into a suitable beaker, add 3 grams of ammonium 
nitrate, boil, filter on a small ashless paper, wash, burn, and 
weigh. Deduct the weight from the original weight of tungstic 
acid. 

Determination of Tungstio Acid in Wolfram. — To 2 grams 
of the finely-powdered wolfram in an 8-ounce beaker add about 
10 c.c. strong hydrochloric acid, and agitate carefully to prevent 
caking. Add more acid (about 120 c.c. in all), cover with a 
clock-glass, and boil briskly till the volume of acid is reduced to 
about C.O. Allow to cool, add 5 c.c. strong nitric add, and 
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digest at nearly a boiling teinperati.*re for from five to ten minntea. 
Dilute with water to about loo c.c., allow to settle, and filter 
through a 9 cm. filter, wash with water, woiking so as to obtain 
as little tungstic acid as possible on the filter. To the beaker 
add about 10 c.c. distilled water and lo c.c. dilute ammonia 
(i : i),adtling the latter in small quantities down the sides of the 
beaker, With a rubber- tipped rod remove any deposit from the 
sides of the beaker into the alkaline liquor, raise to the boil, and 
stir well (if the suspended matter does not readily subside, boil 
again until the desiied result is attained). Allow to settle, and 
whilst still hot filter through the original paper into an 8-ounce 
flask. Wash the beaker two or three times with small quantities 
of distilled water, decanting each time from any heavy mineral 
should it bo present. Complete the washing of the filtor-})api*r, 
and reserve the cover-glass, filter- paper, and beaker. Evaporjite 
the solution of ammonium tungstate in the flask to a small 
volume, transfer carefully to a weighed platinum dish, and con- 
tinue the evaporation to dimess on a water-bath. Ignite the 
dish and contents gently at nrst, and more strongly afterwards. 
Weigh as tungstic acid. 

To the beaker containing the heavy residues add 5 c.c. hydro- 
chloric acid, cover with the original clock-glass, and boil till 
nearly dry ; add a few c.c. of nitric acid, and heat again for ten 
minutes. Dilute with water, allow to- stand till the deposit has 
subsided, filter through a small paper, and wash beaker and paper 
several times. 

Wash the filter-paper, also the original filter-paper, with a 
little hot dilute caustic soda solution followed by small washes 
of distilled water, and collect the alkaline liquors and washings 
in the beaker. If the clock-glass is stained with tungstic acid, 
dissolve with a few drops of the soda solution and add to the 
contents of the beaker. Raise the contents of the beaker to 
boiling, add about 2 grams ammonium nitrate, and stir well 
whilst boiling. Filter through one of the papers previously used, 
and wash a little. Nearly neutralise the filtrate with dilute 
nitric acid, add a few c.c. of mercurous nitrate solution, stir well, 
filter "'on a small ashless paper, wash, ignite, and weigh as tungstic 
acid. Add this weight to the weight of the tur.gstic acid in the 
platinum dish. 

* Determination of Tungstic Acid in Tin-Wolfram Con- 
centrates.* — It is advisable with these to determine the tungstic 
acid in the ammoniacal solution by the mercurous nitrate method. 

• “The ASsay of I^olfram ConcentrateB,” by H. W, Hutchin. 

Acg. 191 
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Working with a i-gram charge, proceed as deFcrihed for wolfram 
up to the sentence ending “ wash with water, working so as to 
obtain as little tungstic acid on the paper as possible.” To tlie 
beaker add about 15 c.c. distilled water and 5 c.c. of 10 pei* cent, 
caustic soda solution ; cleanse the cover-glass v'ii ’ a few drops of 
very dilute soda, and wash into the beaker; rmi a few c.c. of 
dilute ^oda through the filter-paper, and wash with water, collect- 
ing filtrate and washings in the beaker; rub down uny deposit 
above the level of the liquid in the beaker with a rubber-tipped 
rod, raise to tho boil, add 3 grams ammonium nitrate, and con- 
tinue to boil for a minute or so. Allow to settle ; filter, and wash 
with weak ammonium nitrate solution, collecting filtrate and 
washings in a large-sized beaker. Dilute to about 200 c.c. ; 
acidify with nitric acid first, then neutralise or make faintly 
alkfdine with dilute ammonia. Add sufiicient mercurous nitrate 
solution, and again neutralise with precipitated meicuric itxide; 
stir well; filter and wash by decantation; finally transfer all 
precipitate to the paper and complete the washing. Dry, burn, 
and weigh as tungstic acid. Tho residues should be again treated 
with acid, (kc., for unattacked wolfram. 

Determination of Tungstic Acid in low-grade ores, tail- 
ings and black tin.— The aainple may be red\iced to a sufficient 
degree of fineness in a Wedgwood mortar, but fine powdering is 
essential. 'J’he charge taken may he from 5 grams upwards, or 
better 5.6, 11.2, 16.8 or any convenient multiple of 2.8, .so that 
the milligrams of tungstic acid obtained represent simple ratios 
of lb. WO, per ton of ore (long ton). 2.8 grms. (or mult , ole) is 
taken because only four-fifths of the solution is used for the actual 
assay, i.e. it is a convenient sort of “ assay ton ” for lb. per ton of 
2240 lb. under the special conditions of the assay. Tho charge is 
digested in a 4-inch porcelain dish with 20 c.c. of a 25 per cent, 
solution of caustic soda (free from chloride) on a water-bath for 
30 or 45 minutes. The assay is next diluted, a little sodium per- 
oxide added to oxidise any decomposition products of sulphides, 
then transferred to ^-litre flask and diluted to 250 c.c, ; 200 c.c. 
of a filtered portion are first acidified with nitric acid, then made 
alkaline with ammonia. The assay is brought to the boiling point, 
filtered and washed. The filtrate is made slightly acid with dilute 
nitric acid, and mercurous nitrate solution added in excess 
followed by a little precipitated HgQ, On warming and stirring, 
the precipitate settles readily. After filtering and washing the 
precipitate with weak mercurous nitrate solution, the paper and 
precipitate are ignited together in a porcelain crucible, or, if the 
ore is free from arsenic, in a platinum crucible. Weigh as tungstic 
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acid ; with a charge of 5.6 grams, the milligrams obtained, divided 
by two, give lb. WO, to the ton. ^ » 

Solution of Mercuroao Nitrate . — ^The solution may be con- 
veniently prepared from mercury. From 2 to 3 oz. of mercury is 
digested in a large beaker or flask, with 25 c.c. of nitric acid 
(sp. gr. 1.4) and 75 c.c. of water on a hot plate near boiling-point 
for one and a htilf hours, and ‘left on the hot plate overnight. 
The extract, diluted to about 500 c.c,, will give a saturated solution 
with the minimum of free acid. 20 c.c. is sufficient for most 
assays. 


NIOBIO AND TANTALIO OXIDES. 

These oxides are commonly met with in samples of wolfra.m and 
tinstone, especially niobic. They are probably present in the 
form of columbite, a niobate of iron and manganese ; and tanta- 
lite, a tantalate of the same metals. 

On boiling with hydrochl^c acid they are both liberated, and 
remain for the greater paifi (all the niobic) in the insoluble 
residue with the tungstic acid. On removing the latter* with 
dilute ammonia they remain as a white insoluble precipitate, very 
prone to run through the filter on washing. They may be dis- 
solved in hydrofluoric acid either at once or after fusion with 
bisulphate of potash, and extraction with cold water. To the 
solution in hydrofluoric acid gradually add a boiling solution of 
acid potassium fluoride (HF,KF.). Potassic fluotan^ate (soluble 
in 200 parts of water) separates out first, and afterwards potassic 
fluniobate (soluble in 12 parts of water). The separated salts 
(aftei* heating with sulphuric acid and washing out the potassium 
sulphate formed) are ignited with ammonio carbonate, and weighed 
as tantalic oxide (Ta^O,)and niobic oxide (Nb,0,) respectively. 

They are both white powders. The oxide of niobium dissolved 
in a bead of microcosmic salt gives a bluish colour in the reducing 
flame. The oxide of tantalum dissolves in the bead, but gives no 
odour. 
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CHAPTER Xm. 

IVLANQANESE, CHBOMIUM, &0. 
MANGANESE. 

Manganese occurs mainly as black oxide (MnO,) in the mineral 
pyrolusite ; and, in a less pure form, in psilomelane and wad. 
The value of the ore depends mther on the percentage of avail- 
able oxygen than on the proportion of metal present. The results 
of assays are generally reported as so much per cent, of the dioxide 
(MnO,). In smaller quantities it is very widely distributed. 
Manganese itstdf has a value for steel-making ; or, rather, for the 
making of spiegeleisen and ferro-mang.inese, which are used in 
the Bessemer and Siemens procjesses. For this purpose the per- 
centage of the metal (Mn) is required. Consequently the minerals 
of manganese may be considei-ed ip two aspecits — (i) as a source 
of oxygen ; and (2) as a source of manganese. These will require 
separate consideration. 

The black oxide is mainly used in the preparation of chlorine, 
liberation of which it brings about when treated with hot hydro- 
chloric acid, or with a mixtui« of common salt and sulfdiuric 
acid. The quantity of chlorine which is obtained depends upon 
the proportion of dioxide present ;• and in assaying may either 
be measured by its equivalent of iodine lil^erated, or by the 
oxidising eflect on an acid solution of fei’rous sulphate. When 
the ore also carries substances which have a reducing effect 
(such as ferrous compounds), such a-swiys will give, not the total 
dioxide (MnO,), but less, by the amount required to oxidise these 
hnpurities ; and this is exactly what is required in valuing such 
an ore for commercial purpose.s. Manganese compounds arfe 
characterised by the readiness with which they may be con- 
verted into bighly-oxidisod bodies. Solution of manganese in 
hydrochloric acid, rendered alkaline with ammonia, yields a clear 
solution,! which rapidly takes up oxygen from the air, forming 
a brown precipitate of the oxide (Mn,0,), The addition of 

* Mn0L+4H01=MnCl,4'CI,+2H,O. 
f Brondsd a sufficiency of ammonic chloride is present 
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bromine or chlorine to such 0 , solution determines the precipi- 
tation of a still highe” oxide (approximately MnO,). On treating 
a comj)ouiid containing manganese with nitric acid and dioxide 
of lead (PhOj), tlie oxidation i» carried still further, a purple- 
coloured solution of permanganic jxcid (HMii' or H,0.Mn20,l 
being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open crucible, a green 
“ melt ” is obtained which owes its colour to sodium manganate 
(Na,MnO^ or NiijO.MnOj). This salt is soluble in water, forming 
a green solution ; which, when rendered acid, rapidly changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
some properties of which the student will have already b^me 
familiar. 

Compounds of manganese, on boiling with strong hydrochloric 
acid, yield mang.'inous chloride* (!MuCy. 

The properties given above serve for the detection of manga- 
nese ; the higher oxides are distinguished by causing the evolution 
of chlorine (with its peculiarly suffocating smell) when acted on 
with hydrochloric acid; while the green “melt,” with sodium 
carbonate, can be relied on for the recognition of manganese 
itself. There is no dry assay of manganese ores. 

WET METHODS. 

Strong hydrochloric acid is the best solvent for ores of man- 
ganese ; but where the proportion of dioxide (MnO,) is r^'quired, 
the solution is effected during the assay. The ore should Jbe in 
a very fine state of division before treatment with acids. 

The separation of manganese from other metals is thus effected : 
Ignite, in order to destroy any organic matter which may be 
present ; dissolve in hydrochloric acid, and evaporate to dryness, 
to separate silica. Take up with hydrochloric add, dilute, pass 
sulphuretted hydrogen, and filter. Boil off the excess of gas, 
peroxidise the iron with a drop or two of nitric acid, and separate 
the iron as basic acetate (as described under Iran).} If the iron 
precipitate is bulky, it is dissolved in a little hydi^hloric add, 
repredpitated, and the filtrate added to th# original one. Ken- 
tralise with soda, and add bromine in excess; heat gradually 
to boiling, allow to settle, and filter. The predpitate is impure 
dioxide of manganese (containing alkalies and, possibly, cobalt 
or nickel). 

* With some sUicateB, &c., a preliminary fusion with sodium carbonate 
frill be necesRary. 

^ Instead of sodium acetate, ammonium succinate can ba used. 
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GBAVIMETBIC DETEBMINATION. 

Dissolve the precipitate in hydrochloric acid, and IkhI ; add a 
slight excess of carbonate of soda, warm, and filter. Wash with 
hot water, dry, carefully ignite in an open Berlin crucible, and 
weigh. The substance is the brown oxide (Mn, 0 ^), and contains 
72.05 per cent, of manganese. If the percentage of dioxide is 
required it may be calculated by multiplying the percentage of 
manganese by 1.582. It must be borne in mind that the man- 
ganese should never be calculated to dioxide except when it is 
known to exist in the ore only in that form. 


/■ 

VOLUMETBIO METHODS. 

The two methods are basef on the oxidising efibct of manganese 
dioxide j and if the metal doas not already exist in this, form 
it will require a preliminary treatment to convert it. The 
following method due to Mr. J. Pattinson* eflfects this: A 
quantity of the ore containing not more than .25 grams of 
the metal (Mn), is dissolved in hydrochloric acid in a pint beaker, 
and, if necessary, 3 or 4 c.c. of nitric acid are added to peroxidise 
the iron, and ferric chloride is added if required, so that there 
may be at least as much iron as manganese. Calcium carbonate is 
added till the sqlution is slightly red ; and next the redness is 
remove by the cautious addition of acid ; 30 c.c. of zinc chloride 
solution (containing 15 grams of zinc per litre) are added, the 
liquid is thought to boil and diluted to about 300 c.c. with boiling 
water ; 60 c.c. of a solution of bleaching powder (33 grams to th( 
litre and filtered), rendered slightly greenish by acid, are then rui 
in and are followed by 3 grams of calcium carbonate suspendec 
in 15 C.C. of boiling water. During effervescence the beaker ii 
covered, the precipitate is stirred, and 2 c.c. of methylated spirii 
are< mixed in. The precipitate is collected on a large filter 
washed with cold water, and then with hot, till free fro^ chlorine 
which is tested for with starch and potassium iodide. The amc 
ferrous sulphate solution (pre^ntly desoiibed) is then roeasurec 
into the b^ker, and the precipitate, s^ll in the paper, added 
more acid is add^ (if necessary), and the solution is (muted and 
titrated. In place of bleaching powder solution, 90 0.0. oi 
bromine yates (containing 22 grams per litre) may be used. 

* Jowrn, Soe, Ohem, Indwtryt vol x. p. 333. 



UANGiNESlS. 


301 


FEBROUS SULPHATE ASSA7. 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous* iron oxidised by a known 
weight of the ore. It is known that 87 paits of the dioxide will 
oxidise 112 parts of ferrous iron;* therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
substance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows For rich ores, 2 grams of clean soft 
iron wire are traated, in a pint fiask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Oarefullysample the ore, 
and in one portion determine the “ moisture at 100* 0, grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100“ C., mix well, and keep in a weighing-bottle. Wei^h up 
2 grams and add them to the solution of iron in the fiask ; caie^uUy 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with ** per- 
manganate.” The iron thus found, deducted fi’om the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give that of metallic manganese. 
. When the quantity of manganese or of the dioxide to be deter- 
mined is small, it is not necessary to use 2 grams of iron ; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured off, 
thus saving the labour of weighing. 

* Mn0g+aPeS0<-*-2H^0^=?e,(S0J,+ MnS0,+2H,a 
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Determination of Dioxide in a Man^nese Ore.— Wei 
ap I or 2 grams of the finely-powdered ore* and an ecjnal weight 
of pure iron wire, dissolve the wire in 50 or 100 c.c. of dilute sul- 
phuric acid, and, when solution is complete, add the ore and waim 
till it too is dissolved. Cool and titrate the remaining foiTOus 
iron with the permanganate or bichromate of potassium solution. 

For example, 0.7560 gram of pyrolusite and i.ooo gram of 
iron were taken and treated as above j 13.9 c.c. of “perman- 
ganate ” (standard 100 c.c. = 0.4920 gram iron) were required; 
this indicates that 0.0684 gram of iron was left unoxidised by the 
ore. The iron oxidised, then, was 0.9316 gram (i.ooo - 0.0684) ; 
multiplying this by 0.7768, we find that 0.7237 gram is the 
quantity of manganese dioxide which was present. THs is 
equivalent to 95.77 per cent. ; 

0.7560^ : 0.7237 : ; 100 : 95.77. 

IODINE METHOD. 

It has been already staitbd that when dioxide of manganese is 
boiled with strong hydrochloric acid chlorine is given «)fr, and 
that the amount of chlorine so liberated is a measure' of the 
dioxide present. If the chlorine is passed into a solution of 
potassium iodide, an equivalent of iodine will be set free.t This 

is apparently a very indirect 
way of determining how much 
of the dioxide is present ; but 
the reactions are very sharp, 
and the final detci'mination 
of the iodine is an easy one. 

The finely-powdered sample 
of dioxide is placed in a smtill 
fla.sk provided with an exit 
tube leading into a solution 
of potassic iodide (fig. 60). 
On adding hydrochloric acid 
and boiling, the cldorine , . 
evolved is driven into the . 
iodide solution and there aU 
sorbed ; the boiling is con- 
tinued till the steam and hydrochloric acid fumes have driven the 
last portions of the chlorine out of the flask and into the solution. 
In this experiment there is a strong 'tendency for the iodide solu- ' ! 

• If the ore is very rich, a smaller quantity (075 or 1.5 gram) most be 
taken ;«otberwise the iron will be insnflicient. ^ 

t Mn0,+4HCl«MnCl,+2H,0+(\ 

^ Gl|<f sRIssKOl+Ii. 



MANGA27ESB. 


303 


taon to rush back into the Cask. This tendency is overcome by 
avoiding draughts and regulating the heat ; or by placing a lump 
of magnesite in the which acts by evolving carbonic acid and 
80 producing a steady outward pressure. When the distillation i? 
finished the tube containing the iodine is detai hod and washed 
3 ut into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If crystals of iodine have separated, potassium iodide must be 
added in quantity sufficient to dissolve them. The condenser 
must be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
Bolutton of sodic hyposulphite (loo c.c.Bi.27 gram iodine or 
^•435 of dioxide of manganese). In titrating, the solu- 

tion should be cold, or not warmer than 30* C. The bulk 
may vary from 100 to 200 c.e.; but it is i:)e8t always to work 
with the same volume. The “hypo” is run in with constant 
agitation until the brown colour has been reduced to a light 
yellow ; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached ; the finish is indi- 
cated by a change from blue to colourless. 

The assay solution may be acidified with JUJetic, sulphuric, 
or hydrochloric acid before titrating with “hypo;” but it 
must be only faintly so. An excess of acid may bo neaxly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in excess ; 
it is best to avoid it altogether. The assay solution should be 
titrated at once, as it weakens on standing ; and the “ hypo ” 
solution should be standardised every two or three days, as its 
strength is not constant. • 

Tht ttemdard iolutum of hypomdphiU of ooda is made by dis- 
solving 25 grmmiof the salt (Ka^,0,.5H,0) in water and diluting 
to I litre. 100 0.0. are equivalent to 1.27 gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
about half a gram of iodine, to which is add^ a crystal or two of 
potassium io(hde and a few drops of water. When dissolved, the 
solution is diluted to 100 e.c., and titrated in the manner 
described. The starch solution is made in the manner described 
under the iodide copper assay. 5 c.o. are used for each titration. 

In determining the efifects of variations in the condition of the 
assay a solution of iodine was used, which was equivalent in 
strength to the “hypo” solution. It was made by dissolving 
12.7 grams of iodine with 25 grams of potassium iodide in a little 
water and diluting to x litre. 100 c.c. of this solution were 
found (at the time of the experiments) to be equivalent to i 08 <o e.o, 
of the “ hypo,” 



304 


TEXT'BOOK OF A8SATINa. 


Effbot of Varying Temperature. — The bulk of the solution 
was 100 o.c. ; 20 c.c. of iodine were taken, and 5 c.c. of starch 
solution were added towards the end as indicator. These condi- 
tions are also those of the other experiments, except where other- 
wise stated. Iodine being volatile, it is to be expected that with 
hot solutions low results will be obtained. 

Temperature . 15* 20" 40* 6o* So* 

required 20.4 c.c. 20.40.0. 20.10.0. 19.20.0. 15.50.0. 

These sliow that the temperature should not much exceed 20*. 

Effect of Exposure of the Iodine Solution.— Twenty c.c. 
of the iodine were diluted to 100 c.c., and exposed for varying 
lengths of time in open beakers at the ordinary temperature, and 
then titrated. 


Time e™sed . • , * day 2 days 3 days 

“Hypo ’^required 20.40.0. 16.10.0. 13.60.0. 940.0. 


Effect of Varying BuU^ — ^These experiments were carried 
out in the usual way, bulk Sily' varying. 

Bulk . , . 100.0 0.0. 200.0 O.C. 300.0 0.0. 500.0 0.0. 

“ Hypo " required 20.4 „ 204 „ 20.4 „ 204 „ 


Effect of Varying Acid,— These experiments were under 
the usual conditions, the bulk being roo c.c. The results were-* 

1.5 0.0. 30,0 c.c. 

20.7 „ 


Acetic acid 
*• Hypo ” required 

Hydrochloric acid 
“ ^ypo ” required 

Sulphuric acid . 
“Hypo” required 

Nitric acid . 

“ Hypo ” required 


20.4 C.C. 2a7 „ 

— i.S C.C. 

20.40.0. 20.6 ,, 

— 0.5 c.c. 

204 0.0. 20.7 „ 

. !— 0.5 c.c. 

204C.C. 21.5 „ 


15.0 C.O. 

20.9 „ 

20.0 c.o. 

15*2 It* 

10.0 c c. 

could not be titrated. 


In the application of this titration to the assay of manganese 
ores, hydrochloric and hydriodic acids are the only ones likely to 
be mresent. 

Effect of Alkalie 8 «*- 0 n theoretioal mxmnds the presence of 
these is known to be inadmissible. A sduttiHi rmidered faintly 
alkaline with ammonia required only ZI.2 de. of *'hypo;’’ and 
another, with 0.5 gram of caustic Boda,t required 4.0 c.c. instead 
of 20.4 O.C. as in neutral solutions. ? 

Effbot of nearly Ifeatralising Hydrobhloric A^ ^lu- 
tionii wijjh 4inmpnia. — Provided care is taken not to add 
* Z<£Une pzobaldy lost by velatUisatlos* 
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excess of ammonia, this has a good effect, counteracting the inters 
ference of excess of *'/jid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of **h3q>o;” with 15 c.c. of hydrochloric acid 
20.7 C.C. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were ufsed. 

Effect of the Addition of Starch. — The addition of vaiying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show: — 

Starch added . 1.0 c.o. 5.0 c.c. 10.0 c.c. 50.00.0. 

“Hypo** required 20.4 „ 20.4 „ 20.4 „ 2a5 „ 

But if the starch is added before the titi’ation, the results are 
liable to error. 

Starch added • • 1.00.0. 50.00.0. 

“ Hypo ” required , 204 „ 24.0 „ 

Tlie starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

Effect of Varying Potassinn;i Iodide. — An excess of iodide 
is always required to keep the iodine in solution; a larger excess 
has little effect. 

Iodide added . • — I gram ao grams 

“ Hypo ” required . 204 0.0. 20.5 c.c. 20.6 c.o. 

The 20 C.C. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salts.— 

Bicarbonate of soda 

added . . . — • 0.5 gram 1.5 gram 5.0 grams 

**Hypo*’ required . 2040.0. 18.20.0. 17. i 0.0. 16.0 c.t. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con- 
founding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were taken, the following results were obtained : — 

Salt added ... — Amd AmNO| AmfS04 

“Hypo** required • 20.4 c.o. '20.50.0. 2a3 0.c. 20.20.0. 

Salt added . . KaCl NaNO, Ka^O^ 

*' Hypo ” required . 20.3 0.0. 20.4 0.0. 20.4 0.0. 

Effbot of Varying Iodine. — 

Iodine added . 1.0 o.c. 10.00.0. 20.0 0.0. 50.00:0. 100.00.0. 

“Hypo** required 1,3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — ^Weigh 
ap 0.85 to 0.3 gram of the powdered ore ; place in a flask, cover 
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with 10 C.C. of hydrochloric acid, and close the flask with a paraf- 
fined cork, and bulbs (as shown in fig. 60), having previously 
charged the bulb with 5 grams of potassium iodide in strong solu- 
tion. Heat the flask, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulbs into a large beaker, 
nearly (but not quite) neutralise with dilute ammonia, and titrate 
with the standard hypo.” 

As an example, 0.2675 gram of pyrolusite was taken, and re- 
quired 60.3 c.c. of standard “hypo” (100 c.c. equal 1.185 gram 
iodine, or 0.4042 gram MnO,), which equals 0.2437 gram of the 
dioxide or 91. i per cent. 

COLOBIMETBIC METHOD. 

When compounds of manganese free from chlorides are boiled 
with nitric acid and dioxide of lead,* the manganese is converted 
into permanganic acid, which is soluble and tints the solution 
violet. The depth of colour depends on the amount of manganese 
present, (and this should irffi much exceed 10 milligrams. A 
quantity of substance containing not more than this amount of 
manganese should be boiled for a few minutes with 25 c.c. of a 
solution containing 5 c.c. of nitric acid, and 10 or 20 c.c. of dilute 
sulphuric acid, with 2 or 3 grams of lead dioxide. Filter through 
asbestos, wash by decantation with dilute sulphuric acid, make up 
with distilled water f to a definite bulk, and take a measured por- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
0*1435 8*^ of permanganate of potash (KMnOJ in a little 
water acidulated with nitric acid, and diluting to x litre. One 
c.c. will contain 0.05 milligram of manganese. 

PRACTICAL EXERCISES. 

1. What percentage of manganese (Mn) is contained in permanganate of 
potash (KMnOJ 1 

s. Tan c.c. of a solution of permanganate of potash is found to ozidiM 
10 c.c. of an acid solution of ferrous sulphate. The manganese is 
determined in the titrated solution by precipitation as dioxide 
and titrating. How much of the ferrous solution will bo oxidised 
in the second titration T , , 

3. What weight of potassium iodide would be jvtt sufficient to absorb 
the omorine evolved by 0.5 gram of pure dioxide of manganese ! 

• Obtained as a brown powder by digesting red lead with nitric fgdd and 
filtering. 

t The water for dilution and the dilute sulpburio acid used lor washing 
should be previausly tested, to see they have no redudng action, with ' 
dilute penxMpganate of potassium solution , 
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4. Wliat weight of iron mir t be dissolved up cto as to have an ezeees of 

0.25 gritm after oxiiiaiion by 1 grjim of pure dioxide? 

5. What weight of ♦hf* blown oxide, Mii,0^ will be left on igniting 

I gram of the ^ ure dioxide! 


CHROMIUM. 

Chroiriium occiira in nature chiefly aa chromite ov chrome iron 
ore (FeCijCrjO,, with more or less SigO and AljO,), which is the 
chief ore. It is a constituent of some siliciites, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrO^), and some other rare minerals. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are used as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely used in the preparation of pig- 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds — chromic 
salts, corresponding to the oxide Cr,0„ and chromates, which 
contain the trioxide CrO,. Solutions of chromic salts are green, 
wIl 1st those of the chromates are yellow. Chromates are reduced 
fco ohi’omic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of feiTous iron, &c. The chromates in 
solution are more stable than other similar oxidising a. ents, and 
consequently are generally used in the laboratory as one of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of I'equiring an outside indicator. Bichromate of 
potash (K,Cr,0,) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with “ fusion 
mixture and nitre, or by treating with chlorine in an alkaline 
solution. 

Chi-omic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, &c,, on the addition of 
ammonic chloride and ammonia. The ignited oxide, Cr|0|, 
however, is not reduced on beating to redness in a current of 
hydrogen. 

Detection.— Chromium is detected by fusing the powdered 
substance with “ fusion mixture ” and nitre. The melt is ex- 
tracted with water and filtered. The filtrate is acidified with 
acetia acid, and treated with a few drops of a solution of lead 
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acetate. A yellow precipitate indicates chromium. Substances 
containing chromium impart a green colour to the borax bead in 
both dames. Small quantities of chromate in neutral solution 
can be found by the dark or vioIct>red colouration imparted 
thereto on boiling with a dilute decoction of logwood. 

Solution and Separation. — Chromates and chromic salts are 
generally soluble in water or dilute acids. Chrome iron ore, 
however, and ignited chromic oxide are insoluble ; and the former 
presents considerable difficulty on attempting to open up by 
the usual methods. A large number of mixtures have been tried 
in order to get all the chromium in a soluble form. Among these 
aro the following. One part of the very fipiely-powdered ore is 
fused with any of these mixtures. 

(1) 10 parts of bisnlphate of potash. 

(2) 5 parts of bisulphate off potash and 5 parts of potassium fluoride. 

(3) S of hydrio potassic fluoride. 

(4) 12 parts of bisulphate of pdash ; and, afterwards, with 6 parts of 

carbonate of soda andl^parts of nitre. 

(5) 8 patts of borax ; afterwards, with carbonate of soda til) it ceases 

to effervesce; then, with 3 parts of oaibonate of soda and 3 of 
. nitre. 

(6) 4 parts of borax and 6 parts of fusion mixture. 

(7) 12 parts of caustic potash. 

(8) 10 parts of caustic soda and 30 of m^esia. 

(91 5 parts of caustic soda and 3 of maghcsia. 

.20) 2 parts of carbonate of soda and i of lime. 

(vi) 6 parts of soda-lime and 2 of chlorate of potash. 

(X2) Sodium peroxide. 

Of these, numbers i, 2, and 3 yield the chromium in a form 
soluble <n dilute acids, as cliromic salt. The rest in a form 
soluble in water, as potassium or sodium chromate. 

On boiling an insoluble chromium compound with chlorate of 
potash and nitric acid, the chromium passes into solution as chro- 
mate. This method , however, does not answer for chrome iron ore. 
Jn the fusion methods the ere must be very finely powdered, well 
xnixed with the fiuxes, and subjected to a prolonged fusion in a 
platinum vessel at a high temperature. Undeoomposed particles 
tequife re-fusion. ^ ,* 

The aqueous extract containing the chromi^ is rehdy f 01 . 
volumetric work, except in those cases where hitre h^ been used.' 
For gravimetric work the solution is acidifiipd with hydixichloHc 
acid, theh mixed with ammonia in slighfl excess, kaled, ' and^ 
filtered. The filtrate is acidified with hydrochloric acid, and" 
^^ted with sulphuretted hydrogen, warmed, renderod 
allmline wii^ammoxpa, and the gas ^n passed. Xhecht^um 
is piecbitafce^ as dirdmic hydrate mixed >itb sulphur this 
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reduction with sulphuretted hydrogen. It ie filtered off, washed 
with hot water, and ignited. It is weighed as chromic oxide. 

GBAVIMETEIC BETEEMINATIOE. 

The solution containing the chromium, freed trom other metals 
and earths and in the form of (green) chix}mic salt, is heated to 
boiling. If any chromate is present reduce it with sodium sul- 
phite or sulphuretted hydrogen. Add ammonia in slight excess, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite 
strongly in a loosely-covered crucible. Cool, and weigh. The 
substance is chromic oxide, Cr,Os, and contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. « 

When, as is generally the case, the chromium exists altogether 
as chromate (phosphates and arsenates being absent) it is best to 
proceed os follows : — Bender the solution acid with acetic acid, 
then add sodium acetate to the solution and heat nearly to boil- 
ing; next treat with a slight excess of acetate of lead, and boil. 
Allow to settle, and filter. Wash the precipitate with hot water, 
dry in the water-oven or at a low temperature. Transfer the 
precipitate to a weighed Berlin crucible, burn the filter sepamtely, 
ignite below redness, cool in the desiccator, and weigh. The sub- 
stance is lead chromate, PbCr04, and contains 16.1 per cent, of 
chromium, or 23.53 chromic oxide (Cr, 0 ,). 

VOLUMETEIO METHOD. 

This is based on the oxidation of ferrous iron by the solution 
tmtaiuing the chromium as chromate. A known weight of iron 
)o.5, I, or 1.5 gram, according to the quantity of chromate) is 
dissolved in 50 c.c. of dilute sulphuric acid. The solution con- 
taining the chromate is added, and the remaining ferrous iron 
titrat^ with the permanganate or bichromate of potassium solu- 
tion, as described under Iron, The iron thus found is deducted 
trom that taken, and the difference gives the iron oxidised by the 
ihromate. This multiplied byo.3101 gives the chromium, Or, 
and when multiplied by 0.4539 gives the chromic oxide, Cr,0,. 

OOLOBIMETBIC METHOD. 

Small quantities of chromium may be determined, after con- 
version into chromate, oolorimetxically. The solution, which 
should not contain more than a few milligrams in 100 c.c., is 
acidified with acetic ^ compared against an equal volume 
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of water rendered acid with acetic acid and tinted with a standard 
bichroniate of pottushium solution. Tiiis standard bichromate is 
made by ditfeobiiig 2.827 grama of the salt in water and diluting 
to I litre. One c.c. will contain i milligram of chromium, Or. 
The manner of working this assay is the same as that adopted in 
the other colorimetric processes. 

Determination of Chromium in Steel.*— Weigh up 2.4 
grams, dissolve in hydrochloric acid, and evaporate to dryness. 
Fuse with sodium carbonate and nitre, extract with water, and 
make up to 301 c.c. Take 250 c.c. of the clear liquor, boil with 
hydrochloric acid, add sodium phosphate, and then ammonia in 
slight excess. Heat till clear. Filter off the precipitate, dissolve 
it in hydrochloric acid, and evaporate to dryness. Take up with 
a littl^acid, filter, and precipitate with a slight excess of ammonia. 
Wash, ignite, and weiglvas chromium phosphate (3Ci'jOj,2P,OJ, 
which contains 42.^ per cent, of chromiuim 

V^NADIUlf 

Vanadium occurs in certain rare minerals, such as vanadinile 
( 3 Pb,(V 0 J,.PbCl,), a vanadate of lead; mottramite, a vanadate of 
copper and lead ; and dechenite, a vanadate of lead and zinc. It 
is occasionally found in iron and copper ores and in the slags 
from them. In Spanish copper-precipitates it is found along 
with chromium, and is probably derived from the iron used for 
precipitating. The vanadates, like the chromates, are coloured 
compounds, generally yellow or red. On reduction, blue solu; 
tions are got, «In their general reactions vanadat^ resemble 
phosj^tes. 

Vanadium is detected by the red coloufation produced by pass- 
ing sulphuretted hydrogen into ammoniacal solutions for some 
time. On adding an acid to the filtered solution a brown preci- 
pitate of the sulphide is produced. This gives with borax a 
colourless bead in the oxidising, and a green one in the reducing, 
flame. 

It is separated by fusing the ore with potassic nitrate, extract- 
ing with water and precipitating with baric chloride. The preci 
pi^te is boiled with dilute sulphuric acid, filtei^, neut^- 
ised with ammonia, and saturated witn ammonic chlo^e* 
Ammonium vanadate separates out. It is Altered off, ignited, 
and weighed as vanadio oxide, V/)|, containing 56^18 per oenk 
of vanadium. 

A!hu )14 and Hudy, Ohmical ATetei, vol. Ivii p. 153. 
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MOLYBDENUM. 

Molybdenum occurs in nature chiefly as molybdenite (MoS«) ; 

It also occurs in wulfenite, a molybdate of hjitd (PbMoOJ, and 
in molybdic ochre (MoOj). 

Molybdate of ammonia is an important reagent in the deter- 
mination of phosphates, the manufacture of which compound is 
the chief purpose to which molybdenum is applied. 

Iron and copper ores frequently contain molybdenum, some- 
times in quantity j consequently it is met with in slags and 
pig-iron. 

Molybdenum forms several series of salts. In those corre- 
sponding to the lower oxides it is basic ; but the trioxide (MoO,) is 
the acid oxide which forms a series of salts called the molybdates. 
AU molybdenum compounds are converted into the trioxide by 
boiling with nitric acii The tiioxide is a white powder readily 
dissolved by ammonia. It fuses at a red heat, and volatilises freely 
in contact with air. It is slightly soluble in water. 

Molybdates are easily reduced, with the production of coloured 
solutions, by most reducing agents. Sulphuretted hydrogen first 
produces a blue tint, and then precipitates a brown sulphide. 
The precipitation as sulphide is only complete on prolonged 
treatment ; a green colour indicates that some molybdenum still 
remains in solution. The precipitated sulphide is soluble in 
ammonium sulphide. 

Detection. — Molybdenum is detected by its behaviour with 
sulphuretted hydrogen. Molybdenite can only be mistaken for 
graphite, from which it is easily distinguished by yielding Wphur 
dioxide on roasting, and by giving, on charcoal, a yellowish 
white incrustation, which l^mes blue on touching it for a 
moment with the reducing flame. The borax-bead is colourless 
in the oxidising, and dark-brown in the reducing, flame. 

GEAVIMETEIO DETBEMINATION. 

The solution containing the molybdate is neutralised and treated 
with an excess of mercurous nitrate. The precipitate is allowed 
to settle for some time, filtered, and washed with a dilute solution 
of mercurous nitrate. Then it is dried, transferred to a weighed 
Berlin crucible containing ignited oxide of lead, mixed, ignite^^ 
and weighed. The increase in weight gives the amount of tri* 
oxide, MoO,. This contains 66.7 per cent, of molybdenum. 
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URAWrUM. 

Uranium ooran chiciiy m iiilrliblcndo, which ii an impoi* 
m«](‘ (CJ,0,). It is nk) fouiid nn hiilphat^ in unuioi'hre, joluin- 
nite, A'c. ; nud oa phosj.liate in tlio tiraiiiU'A, tiirbcmite (hydi-ntad 
phnsjilintc of niiLiiiuiii and oop{i(>r), and nutnnifn (]i 3 ’dTnted 
phw|diiitc of nniuiuni and liuip). it uIh) ocoun in Home mroi 
miiiernlH. 

The cuddo u* Uhod for colouring gltiiK; and the nitrate and 
aoetnU' ure uaed ann'ngoiita. l-nuiiiiin ypllov,” uspti for crnmol 
iwiintiiig, ia Hodiuin uranato. Tli(> nraimfnt, in whirii the oxidu of 
vmuiuni ocIa u& an Mdd, are noatly luboluUo and of accondaiy 
iin]i»rl;incu. 

UraiiiniD forma te’o familipH of miIIh, uranoun and uranic; 
oontKpfinding to ilm oxideh UO, mid UO^ n‘^iodi\Hy. Tlie 
fnnuor ore gtuiornlly green and the }4'llow. Ibnuonx rnlta 
are oonm'U'd inio nninir by 1 toil lug nitli iiil'ic .'ind or oihtT 
oxidiidiig ngpnt^. Uranic au"i(, d'j (ho o^bn L;iru1, are. oiiwly 
reductil 1y hulpluiivtlei^ l.yiwgtn. Htaunou-' iidoridc or ainc. 
Tliia projiorty ia Dt.idp u»>e .u in uotv'i'inining tJie quantity of 
urniiitiui in pun^ aoIiilioii.H by titiaiiiig \iitli jieriuaiigiinate of 
polnfisiniu aolution as in the cnae witii iron. 

Deteotloxi.— Thu moat rliarautoi'i^tm imiiion .of tlie UTOLium 
oomponnda ia thoir liehavionr in the proNoncu of nIkaJine cal'* 
bonatm inwldcb they ore frooly aoluble; even ammonium aul* 
phiJu will not iiruapitate uranium finm Iho^i ndutinna. On 
ueutralifung tho curbuunte with an acid a uruimto uf tbe alkali 
ia {u-ei'ipitfited. Ammonia or aodic hydrate (frae from qiriionatos) 
giro ydlow praciidtatca, which nro inoolnbla in cxcesa of the 
reagent, but are aolnble'in oddH. Furroryonide of pniiUHiuur 
gives a roddiidi brown {irecipitate. Uranium coloiun the liorax* 
bead yellow itdi-gruen in Uio oiidiKing, and gntm in tbe antiicin^ 
flame. ' 

Bolntion and Sepai'ation.^The compoonda of uranium 'are 
loliilJo in adik Powder the auh^lttnce and evajiorale with an . 
excoHR of nitric add. . Take up witli hydracblorio add, ililiile, 
pw foljdini'cltcd liydivgon, and filter. Peroridiso tbo filtrate 
with a little niiiic add, .ndd an excesa of amiiioiuc oubonate and 
some amiuonium milj^iule, and 61(er. Hendcr the aolution, and, 
bdil ; ond predptato the uraniuui by manna u? aminoou. filter 
otr, and wnah it with dilnte mmonie chloride. Ignite^ and 
H prutOHesqui oxide. 
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Tha mlnlion oonl.. tho iiraaium free from other metelB in, 
H required, fii^t pcitixidiH^ by bmling with niidc uid. Ainnoma 
b expON* iH Added tu the nearly-boilii)'. nlutinn. A yellow 
piienjntate Ih formnl, whicii m Ulto^ off Lui and watilied with 
il dilii(«f eolutj'n of nmninninm chloride. The predmtate ia dried 
tnd ipiilcd ; and weighed ae XT,Op which containe 04.8 per cent 
of nranioiD, 


VOLUUBTBIO MBTHOB. 

This is baaed on ilie prcciidtation of nniniam w phofiphate 
from ti<¥tic noM ardutinns anil the reongnitinn of complete preoi* 
pilotiou by tcxtiin^ with fjotasriio fenyxyttui lo ; it ia the convene 
of the pnxA's.s for tlin \ ulniD«trif delenuiniUinn of phoaplinte 
' Ths ntinUun »f haU ia prepared ly diwolving 

• 9.835 prnnn of hydric w»aio phoaphate ^}ijilP 0 ^i 2 lI, 0 ) in 
water and diluting U> 1 liti«. 100 c.e. oe eqniv'aleut to 
I graiiib of uramiiiii. 

l^tko 1 giAiu of the sample (or, if poor in imoiiun, 2 grama) 
Ind aopirate tlic uraiutiin ns described Di^lve the preriptate 
b nitric arid ujid erujfOi'nte to a amaJl Imlk, add a grams of sodiiim 
kfltnie, dilute with water to 100 c. 0 ., and boil. Pirate tho boil- 
bg aolutiou with' Ibo hodiam phosphate tOl it ectwee to give a 
bwwn colotiration with poioaBum ferrooyuiide. Oalcahite the 
pwowtogB b the usual wag. 
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EABTH8, ATJLiLllV£ EAB'l'HJ, AISALIES. 
ALUMINA, 

tJjo lAiilt* 'if nl'iiiiii'ium (AlO,) iV fimiiif in natnl 
fiiiHv piiiv ir thi‘ iiiiiioiai (‘nniiAiliiui : {i.Misi-an-tit iinM i‘r)Kiirno 
Tiiriutuw oi wliiiJi f<trr£i iLo r'.ipfiLiit* nnJ luby. A (•<nir« 
fiiinpapb \:iripty pdJjtjijniiuiNif tiitii oahIh of inm .■'lu-.iitiif* 
finery. Cuui|h >11 inlet] witL mIiC.i, h1iimui;i f J■L)^ il.i Ikutt' c 
cliiyf^ iind m..ny iiN'k-foiiiiin/ niiin r ■!'- ( ('U) idi k'loiin) j 

iiK^I us A MiioYo of M'iiminu IkiomIo, aiitru-.ru, lr> aiif 

IIMh] for tl'O VUliO JHOp.l <t‘ — If, 1 •!* JllO jU'«*/‘UVl»il» ti*^ 

of iiluminuN 'J'Jio oiinei.'O cvyolui* v u (luoiMv '/i’ .'In.i.in'ioj! 4«i 
sodium. 

(.kinindoTU is <ilmr.ti*loj* ] hv •. liiyl; ••..’lo „':avii \ Li.o) lou 
f.Ttiojiie l«irJiu*sh. Ily tiiow.- it 'S t/oiii I'oUji.ir a>M 

umilar itiiiionils, winch ir. Moiiunriiat ii^ouil'lfh to up 

jK-jiiinw. 

Aliiniiniiim iu inted fur a variety of fiuall p(ir)vM*A. if is wliits 
lj}'hi,Aiut vm' toiuii'ions ; but owin^ to tlic uf ils icdue 

tioii it in oXitOiiHiVe. 

Aliimiuiiiiii loraiR tuio sprio}' of ailru wlih-h clost’iy n’oombli 
those, of foiri'* inin. ]t foiuiu iiii mtoiV'.tin^' of douhfa 
euiphiitus, Ini'iwii »h ilio nl'iuiA. Oommon putoph uJum ii 

ai,isoxk/jo, . 3411,0. 

Detection.- AliimiiiaiH not preci|4tito(1 from iu* acid wfiitiug 
by snlplinn^ited Lydnv^‘ 1 ), but it is thrown down by ontmunii 
(with the othri' enii<bH) ds a iihiio iiyilruUt, aolultlo in hOiLi and 
inviatilo in aromunic tsubonalo. Kiltcrcd olF and ijmite'i, tt 
owuiucrt, nffer in*utuient with nitiute of ool>uJt Ivlum iiMI 
lilowpjpr, a bliio rolonr whicii is cbiuncton'^if, AViih nutunl 
oom^KiundH oomainimr moiflllic ojddos Uiid rolmir U ma' hi-d. It 1^ 
morB saUHfuft'n-y to luuki' a i«'f«]iUian m ti:i> wci way and to ce8| 
the ignited oaiiIp. ' j? 

St^antion and Solntion.— Jf the «i<l^prc is iiiHolnble H 
hydnichbiric udd it is finely powdered tj.d fuxfd wilii “ftu^ 
iniirfurp" with tlie help, in tlie wwo of corundiim (which is ven 
trfrbctoty) nf a littJe caostio soda or potadn The method % 



woTKUifr it( 4i>> (VATni‘ an Uiat f^'.r oponiijjf np iaiMui.(a. 

Sw uihlfT *s'/7/i : i.iiiuiiduui i-miiol )m‘ in W’t'lgwwO, 

Ik cvpit niwiijiis; isfim* it ijpi My Vrtiv ihowj jwny Hiid 

be(*oni<'.s (i/nt.KiiiTi.. t wUL tlmV iMmdn'. Jt li(>st to usp h 
!» arJ 'tiH'I iu(u+ar mul «o tixlrjH il.o ivii-licttri /j«ni ilf 

hnuMil t.iin]ilH with ;i tn /m.*' f.r tliluh' tid 

\Vli(')i l 'lo '•iil-lrji’.i't )u , Ijii n (.>nnip)('h‘ly .ii Utrkf‘il nnil 
ii IS Ui .?r‘yji{* • »vith 'iii ex-.t..' «f oiid 

oil t'lf «i to- Uitli to niiy it (iliilili . Tlio 

rtMilii'* '■ ‘ritl* h\ JrcM'hlorv' a‘-M .lul ln«l f»M)in the 

BW- ij,! of r.i'ti.l liv iisrann of l^y(b‘O^^Ml. Thp 

8ltrd<* luiL tbo -tilphiiis-Moil hydiofp'ij by 

bfrtliii/j ■ Ms-sl, tiiiil iri'al'x) virh 3 or to t^n.i]iLS of 

nf it, Nilutinu. It irt Ihon till tho 

BuljOjumU'. o.Ni-lf' i’ % lit 0*1 oM’ 'Flii p'lVsjHt tip is liltorud off, 
iguiliil 1 Hi-i .hisl 

Ji i' '.iiif (un- ' I to pi'ssvd tin h IIowh: — A ftrr 

Ijoiliio' o-rilio ft.il.j'msfiUu h\ '.vD'M irtM-oM-liso ih« ii-oii aith a 
>l!ttIo T.'iliic .toU). u<i<l u -clciixii o^ iMitioriu ihluiilp, m.il tlii-n 
iinjni 'I'i.* ill vp'y t!i jl,i. p’.oos-, Ikiii, tiKor, wsfli, And 

wci^'li Oip oi.hlp-H Tilt.-* i**'jiofti!!Y ‘■onKi.it of foiric oiido And 
uluiniii.t, 1* I.-- I tisMi.i'Ki pmiic' l« dcTOiuitiO tbr- ii'un, p.ilni- 
liih- I*. :iimI nj to ps{4it:.iti) (luoiltindiu j'udirpctly. 

Tlii-t 1 jii\ Ih fliiMP .St ho by ijiintiii;,* i.i x «iiivnt oi' hviiropi n aild 
ft-tjiji 'in. till* iron hy Oi*. wi-i«»Jn. of oxy ';i'n lost; ifl', l,y dissolv- 
ing wo) sul|tliiit*ii nnd iiydiuuliloric iti-ids. and doti'nnitiiag the 
ii’OL Tohiii.t It 1 m‘ Itorne in mind that Ihotw 

\ (ucid(•^ will sUi ^niuiiii aay plicwpljario oxide Ibai La|']s'’usi to lx* 
in iiio no 01 r.il. 

In goijoivil .iii.:1\>iYi of Ki*ap1r*« miitniiiing iilunmiu, it fluiy Ix< 
VeonhiiiKsI in l>oli] tlio solnlilu nmi iiisolulde jiortioiis, Li thtsie 
i(. in MU‘r in i'om' tliu K!)in|ilc with ‘-fusion uiixtnro” U'fore 
'treoliDcnt with urj>b.. The ulniuiiui ifi ihu fused mass will oxifat 
'in a state solublp in nridh. 

GRAVIUVTEIO DETEBmiTATIOir. 

, f3(dutiou8 is^ntiuTiing aluniin** fmo from tho othor mctnls are 
Vfiluioil to u rouvimii iit hulk and hisitM nonrly to Iwiling. Add 
^oride of ommotihiui, and thrii unmioniu in slight oxcmhs; IxbI, 
nllov to KPtlle, fill-tT, uiul wasli with hot wnU'i'. Dry the jmiripi- 
nte, and i^iiU) in a platiuuni orponvliiin crucihln attliestTODgeet 
jj^ Ood, and wnigb. The substanro iu ulumims A1,0„ wliicb 

• AVa,+3Na^,f3H/)^AI^O),-e6NoUI+3B+3S(V 
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(■mitaurt 53.0.J |tp" uf ■iluniiumni It in only in (tpeeU"^ 
coses, :.ucl» ''i'* .nril_\ii. i.f uut •! ii. w fciKirtod^ 

HH nluini: I .lu. Tlic \* ivrn{‘ii;_»i' iil .il'i iiinu i>. j.vn»TtiUy ^nvcn. 

Ifftijii!''! •'«.! Hill’ '111 i' tri'iMiiily tu n>iiU; U is jii>t rctlucod 

I'v liy'liiVM'Ti ji'i a r«'l li’Jt. '.rifii iiUiEniniiiiiii I’hltirida. 

jior I jo.i' 'pu I itili I li 

Dii-crr Dct jJiinHt tioii of Alunjva In (ho ProBonoo of 
IrtiTl.-'' ji' il'iii iiu'I a' iH'ii*'! J»-‘ »'ii •M.i' .tfl .'1/ liV‘lr‘iiPK by 
luijiip'i: i, ill vil."' I in liydin 'iil'ni'' .niil iind 
}.Ini i«iii iviJ'.M So tii • Mi.x .« ill*. J t’-- n .,'1 lt -1 in n hot 
hiIhIiV. of jK‘l.1'1' '»f •'•‘1 •• 'I III 1 IS lifi.', “I liil ‘■iif jioi'lfji. ' 

Into f‘i' i(i‘, .ijiil ’.'•i-sh'-il ii/ith ill.! Tba 

uiu'uinii iscyiiliiii iil i,< li.p bliiiito. wi.irh is ?u 1(11:11*11 wirii hyilro- ' 
cl'.loric ax‘i '1 !iml ^lio .>li >• in.t |•'lvi|rfl im* I '.Lvoinmi i Sijilrato 
Willl JllHUHillh, jiO* 

Dotc*riDiTia'..ioa cf A'lnuiru in ftB I'pcpothc of Pbot- 
ph.'liB and Iron. - !i*v il.-s .ii ;> siwr In- II T. I'miikoii 

ill / t!i • s*i , ji,i, 1) h.il -.irj-.' r52. 

Till' i!w uiv‘li.i«> ill’ t,i ^^,^N.l,^u('e 

dii(*n ii'il ii! 1 (• “.I ir» s .ill -1 j»j .•!•* sin* ih* *.o '■ itiivato 

t]i'» nlnmiav, Ni'js jt^'o ,<1' 1 ; il-sl. 'J;.* ?t..o roilimsl to 

the I'l'ioiis tib.'o iiiti i-Ii .io id .ilM’iij..' |;Ti in an 
Booiic !i.f<l si«Intion. It j\ onnliiMl K’ jifiiilHlf 

ii'.l wi I., in'll oh'wohaUi vihicb cmiutiiu» 4,, 3 per 

cent, of ulumir.u. 


ISXAMIITATIOlf OP CIiATS. 

Moiiitiiro. ■ “Tnk» 5 of (In'ouvf dly pn'iurwl sample and 
dry ill llio \v.ita-OM*r; till j.hi nuiyiil in cuiistidul. 

IiOSB on Ignition. AVi'in;!- up 3 •'r.ini^ of tli<* *vtmplR tiamI for' 
the iiiint-tiire i]et>;)3iiiii.ilion, luid i^ruj^e in a plutiuuffl<criiL‘iblo bi 
n'diic'j'’., (vil, iiii.l v< ii;h. 

Silica and loholublo Silicatos. up .’uiollmr 2 jrwmf 

mf the ilrJBii wmiplo, a>:d jiWs' llu’m in a pLiiimm dish; inowen 
^'ith w;i(er, urd cover Tcilii :o n.a of Milpiiunc Fv.iporate ' 
an'1 hriiit in dm* ofT the "ivilcr iwrtifm of tho fm- niid, ■; 
Allow bi cfs.I ; (.ivl the ojicr.it jun. Kitrart by lioilnig-. 

with dilute hydi-.K’^'l nic m^l, Ulti*r, w»«'ih. diy, i:»r,i*e.Miid M*eiglL»' 
Tlio quiiHliTv of inso) ilile hiln-.iiif. ie d( tcrir.iad.l l.y disKolvinc.^ 
out till’ w.‘Ji«.im 1«1 willi a Imilinj, Knlir.iuti oi HodiunlJ' 
curlH'ualc. Tlui irddm' (wtih’iwl, diiiL uiid i^out(xl) is veighe^ 
and uqtirtod sis “sand.” 

Alumina and PerrooB Oxide. -To iho nitrate from 
‘dJwa tt*if " wmI^ aoluuoo till nearly neutrul, ami tliou sodia: 



IBOBTA— JOUCOm. 


3^7- 

■relatK Pioil am! /liter /.fl' i hi* }iM-:i]iii Jilr. Rivi i'\ o lln* IjUitJ o, 
DiMM>l7r llio jwi-f'jnuiu- in l.ulinK-hlf li,* ililurc* <.i) t a:* 4 'i I j 

iC-o*!.!: e. <■!■. Ii> i.n -(I. n*./- <im 
ihe tri'ij bv iiJnii'ii/ .'im t'lr.itin:; in tbc vi':i / .I'-.rriitii t. '■ 
Tolnnw** ri" iiMi’. il.i* 'it.in'fMfli', ii:jIi",s 

Uimt j'H' ti. tl.* .•tiMi.u*’. /-v) . 11 'i. ti iiv Hi 

ft n ic Ti* Uio o*vl<L*r iiTtV" mKl '••unM...! k iw r.v 

aiifl k'»l. Filtt'i, vifb hi*f- wm{-i, j-ri.itd .. -I '-\iMnh -oi 
Xliijkivi h’ iind fnnr Ti>L* •<( Llie fiiii-' 

hflrt krii i.* ib** Ui:t [norjv.f; ; .Mu.t it, iind 

tbo iliiri'jt iii'i' t iu' ' It'' 

Limo.-- T«’ lilt* rff't.'i’i <t lilii ii., .>j' -i i.tiMtiil ity 

ftibl HiMrnjmiii .t\.i|.iiv m/l nmt>‘ouM*. *hii 1, lilu v 
and b’mi*. 

fiou lb- tJtni ■ by .id lb.:! tuMlitiui 
pbi<,i«li.i^' I' 1' fi« .u!i, ,'•••' 'nil |iyi'i)}d:ivii'lnt!'. 

PritttfiL .tTid Sod:;. -Tii-* .«'i -li. i.Tt.iuni in a b- it 
of Oit wiLpla by L'l*. unci' t^zni'i-h lu* iliml, tu* tlui-iiib \ pijyo 
333* 


TIH'RU. 

Tl\i< iri an iixldn ol !.b n'iuM', TiiO. if. k oi.iy liquid in a 
few riiiv lainer.tli. It ik .i ii.oi’i-', b.iv’in^, ulii-n 
ignited, a /nr-ivi y of », 2 . In 'K* ludio.in i-*! ii •« nl 

anaipls il wii! be and is aliiMiiui,. It ia 

I6]>ui III oil fit till (bm uud /incr iviilli:. b} ibi- followiii^ melliod. 

TliP tii'lnri'Ti ill liyibtH'Mfnr •irid ir ii.Mtr.iliHo.l . u1 thon 
, boilwl with Koiliiiiii bv|i»MiJi-!*ilo. Tin- i-i will ho in i>i‘ jnt- 
dpitnto. li i.i di.v^vtlvodf iitiil tli<' sn'iiition IhmuiI vm'iIi iimiji-iiiium 
OXuliU' in wuxiss. The pri.t'i|»n.ii'* Is Hiniliim iixal-ilL’, widoh b 
wumLihI wiili hut w.ilior, dritii, and ignite*!. It k l.biin tvoighod 
as ttioria, TliO^ llioria which lr>s Uon igmled \t> tiul itaulily 
. aoluhlo in iiciiU 


ZLRe()XT,\. 

The oxidfl of »itii*o.iiinn, ZrO,, is biund iu t.Iip minonil rittsi n, a 
''wucaio of zicooiiia, Zj'Hi(\. ^ beii itoauid iiiU*iiM*)y it fiot'Jtijes 
\yerj luuiinouR, lunJ is nwii on tJii.s ni'w.iunt for iui'uuiWent 
iligbtflL , 

[. Jn the oivliunry I'ourwi it is ihriiwu down by uuimonia with 
otber nutiiA, fmm which it is thuh •*i'|itii'iili‘d : — ^The hydnitos 
jaredpitated in the cold, and wmbed with irtlJ water, are dLsulTed 
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iu byJpj»‘hti)rii' lu iil, iierirK uentmliitf^l ^ ■min, siml precif^tited^ 
boilin'; wi'.li bjjHsuVbito i.f r>i,^il»o; mtd ftvia 
lijtlKKiilnrii; .M*iil wlutioii tbo tboria (’f any) with"' 

auiinomuin iwaWi*. T«)Uii a'bi nf a;.iiiiniu\ ' 

vliirh v'ill pn'iijiiwibj .luy {»>••>. la 'I’l..- rJ'-'Oiiiii will lie \ 

IQ wllliitm, XLU in ' I .Ui,p i- 'tij jvitj, f(ul« ' 

j>li»tc, or l»y ovnjior.Ui)!^' t bo -idliiU' n ainl inoi .‘ij? I ; j\ K'jui'aliod 
froiLi uliimiiuL by bil.it>'j^ iuwiUiin;*o of iln ir.<f>l>:lijh.'y bi jiotaosio ' 
Lydmte 

It i"! ostiniatril in iii i(i<‘f{»ib*wiji.rwHy : ■ -Ti-c jioftil'i-ni 
BuKlitiiis i, fiiAHl with l>>. iMphato of pi»lc-li. o’ ■’ rJrurtoJ wHh 
(iilotp ni1|t1iuni- sudd, llio rtsiduo in ftiM-.! with pn’is^ic stnla niid 
(.■xtirjicloJ with w'a^'^ 'f’lirpnUr'ii do‘ diw»hi‘d. torti, idlin'.' ' f xir* - 
(sninte of kkIh, i^ dis^olviJ iu I'VilnvIiloi v .»dd Tr. •. on ti m ' 
dfluLod, tilirtt-vi if m\wsiry. fiu*! .liu.i'M :i i.i 

Tho piw>|nl!iip \> libiwl «'il I't 'k,!.b‘ 

and tviulsr-i 0*5 y.irroMh Thi'< ii a 'vldu pr Iri-j 

whicb i» iuvilulilrt iu tuidn; evnu hi l•Jil■‘olil" idr ;uul it, Ik only 
bU^hUy 

t‘?hinn. 

Coiium orcui’Hivs tdlirnto with the oxido, of i.i.llia* ' 

ntun, didymium. iron and rnhiuni) hi tliu lui.iniil ivrii,*', miieii » 
itb oliief wmiva U nV*. uianw u'l piKnjdi.itr in l•,oll^/U^^ and aa 
ilnori'lr in finoLi litr. Tlo'ovnl.ito is o tsi iij onilinin. ('imiijio 
ibrniu two rla*i^os of comi-js iriin;* hi ilr' uvid- , ' 

(wiilo (CojU,) uri'l { t'U' 0, jdi* ( ( V ) j mj iim.,!,- of i mtum with • 
voJiiliJt Jici'lu yiold iliuMile on i;,-ijilion; niid on .d'ltifn io 
hydruddoric aciii, yiol.ln in cbloridfi and iddu: ino. 

In the ordinary couiise pni'jio j\ flnuwii dovni nlioj^ with 
aJuniiuA and tlio otiior ciirtlni liy ttininonia. it is lU iipwitul 
(liMiolvi]]}! the liulriitis in iiydiwhlmic oidd, awl oxuliiinj^r with' 
chlorine iruter. On lituliiiii with oxiiiie add, cm'uin. lantlinnum, 
end 'lidymiuin are piwijihatftl a-* malidw, whirh on iiinrtion are' 
oonverl^ inlu otidcB. TI'cnh aro MohihV in addh, Tlieir •''dut iita, 
ill bydrochhtric.Rcid is UKuiy nentiMh'aofl ; iioutato of tioda ii 
theii added, luid an '•we n of KHliiun hyinirhloriU’ Oii liuilm/}^' 
tluj oBiium ia pretipiratwi uk dioxide, wliirij J.j nJ'onxl ulT, i^ndlody •. 
and weipliod. 

Ceiiqjn ia dotetiod h* giving' with borax a licnd which ht yellrnin 
lu 1-bo otzldising, and (‘ohmrU'N^ in'tho re iiioing flame. Tracee of.' 
cciiuTD romprionda boiled with dioxide of kid awl nitrk arid 
give a yellow aolution . . jj 
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LA/TUANfJAI \m DIDYMIIIM 

^occnr topethei' with (ttrinih in luritc, jjiid art* wiih tl it 

‘luclul Hz' hs ili-s. nlKxi uinler f'ijriuv 

J)i<iyiniam Kalis have a ru^e or vioiel cr>l'»u., itml iuip-ut (^Vr'hi>n 
ID imilioieiii qiuuilili) tho 'tinin ii)l«»ur llio !«ul. Solu- 

; ti( irih ha^M' a < li auid ♦•list i#* aK^aphirai'KiKi'l rum. 

■■ Till.* y^wnitwui «)f latiMuamm junl uiilATuium iii the Holutinn 
frtim i.lu* CPiium buK ’.»ei‘n pji'Cipitjmyl is eflectud by }iro- 
cipibvlirig lluMii aa i}rnUmj.Miiiil disMilviiig iti 

diluto iiilrio Tbi'- Ki>inliun is thrai ♦n'lij.-Minteil t*) diyiiehs 
.«n<l ignilfd, fur .1 fo* iMiiiutw*, just hii.w it-fluiTs. A subiiitmle 
of ilitUnniiin h> f4iriu*.sl, anil ivumiiiH an iiusfdublc riNidiiBOD 
eKtr.iriiiiu l»«'i water. Tin* •^•jfirntwi «i]t« nro trout isl with 
immuula unit i;;;uitoil, and a'i>iuii«Hl ui> nzideri (l«^Og imJ DigOg). 

YI'IUIA- 

V ttfii is found in gadf/bnile an ! kotup othiT ran* inmmla. It 
'W ali.i'g nith the otiier nanhs liy Hninouiii. It is 

.■dutingiiiAlust by ttiu iDsnlaliility of its hydrate in |»otaslt, by the 
•inwdnliility of »|s ojuilntc in ox:»lu* mid, and by not lining }in'ci- 
pU ;iti) Itv hy|if»^idpbit>* nf soda nr |iulnA>i>im Kiilpliato. FiulLer, 
it L< ['111 ijiil^tiNl by potn.sh in the [ommci' of taiiniie arid as no 
ibAjlublo t.’iitiMtc. This n-udion di^titlgu^^ilPK llie j.ienduiK of 
tho group Irom most of tlio other eaiibs. TIib other nieiu- 
■hcw of the grouji riov^y reMiauldo it, and aiuonght ^hem are 
jerbia» Un Uiu, ylTeilaa, >ouiidiii^ drc. 

uuim.iJA. 

The oxi'le of fiery Uium, Bi.*0 (alw> known mi gincinn), ormra in 
{ uataro mainly as alifalB. Beryl, the green Intiihpiu'onl A'ariuly 
i-of which ift thu emernM, in the known of thene. ll is 'x ailb 
eate of .alun'ina and beiytlio.* Some othei niinemln in which it 
occurs are phenukite, euidnso, and cliryMoberyl. 

In the orliiiWy course of an lysis, Ivryllu will l«o prwnmtnted 
•wiili alumina, Ac., by iimmonic hydrate. It is distinguith* d by 
.-IliB solnbility of its hydrate in aminuiJe oorbonnte, by not Iwing 
twedpitaied hy boiling with Hodiiim hyposiilplute, and by not 
^Dg pinoi)iil4iU}d 1^ uniinoigo sulphide fi-om an ni<imunio 
L'oarbonalo solution. 

h ,The nualysis of Bilicates containing bnyllia ia ilius ufTeiited. 

• 3BoOA1.0»68^A- 
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•Hm* finely powilered tolMlAGee is fu«4*l wil.L hri«' iffl Trelifhl ««f ! 
p(7ta«sirn "ttIhiuhIo; nrul ‘V.r.or,aM(l' 

ev.'iinOTT^'iJ \yii\i A '*li;'Iit cxrt'fs I'f "•ulj'lfii.v -iii.l '.ir-ii-K.' I lie 
mJii*? •!(!•« iluhl*'. Ti-njit wilJi v .lii-r, I'li-r. . if »' r,'* !. tfj*' fil- 

tra^' luiti! . 1 1 nisi ik i* i* v.li .il'rin '-‘-i < JIl- > 'nil. Tlie 

liqiiuv Vf {I'Hiit'd nfT itj<io nv'inii s'eKi*; mJii'uii „i .»i»> umiinni 
Cftj iHiti'Ur-. I'Vrrii* hydrau* .in<* ;iliii.i!ii*i u* ! In'* 

Tbev im' Olteml '-ff. iiHli-iiilv's!, luni }»,'■! n.ii I'l .hjuju*- 

nic ftirHiMi iio ; iL' r-i* J»i*nnl !;H.r n'.-, •iu‘ i m'I'mI for 

■I'tue lii'H, and! jipMIsIh*! ^^«lh su Ji juI 'lue 

airIjOM tliOXulo Ir Ik'llnl off- .llhi ' IJP I »” ■ "..I I*- |>ns'*,t r I'l-d 

«H iij'l'tiJi.' Hitii amiuoiiia 'riu* Iinlr.'ti i- J.iM uitb h'li 
ivi-K r, vJrn'iJ, i^ir.jtfsL aiij .n* 

JJeiyih.i hn-iH of ; ii • I,’‘ -.‘Mo, 

Rtid iusj 'ulil- iti w.'ilcr i, •{ I u '■:• *''> i'. 

cxie|it M>'jd:iinr, Ihi». iV mi lumi - i-i’- Ii,. J • -I’l ’* ’S s iIiit.. 

[{•iihMi! . in a ri'iiutioii of cu'Ik'h .h' jI mi ii> < • ■ < i |ii> • iii’tati'd 

Mem I'n-c o;i iwii'iitf in }*i .j -i a-i'* • >i "m*-’ ''..f-.'iio- 
niii If i- fijv i .a Mjiiuoa 

of ammouio cfilcndu. uuucMf Vf eroli'ui 


THE ALKALIKE BARTHS. 
lAMK 

Time is ojj oxido of calrfinn, ('nO. Jt fK^iiv, nl‘i!Twl',iii!v m 
nature, Imt only in a iif ithoI .'r.tnm Ha' uivlmnafe 
(CuUiy, found 06 Hjiiestoiio, eli/ill., and oi-hiT r.jpLs, nnd ilie 
zniiieiel^ caltiti' arid is tlie locei (fiuininnjy dinuiin^ 

ooinponnd. Tu'i hydratifl Kii!|*li'itfj. ^yiruin ie 

raminon, and is uhkI in imikiuj* " p]/o.t<T oi P.irii-. Vnliyiirite 
(OaSuJ bIko oixiUTR in ru’k .and i« oftfu with 

rock Wilt. Vl;(W|i}iu' e of liuic, in the fon'H of upcu il e, niin. plinrilO| 
oopnihe, is l.vjit-ly mined. lime is a fi>nip )ii-nt af moet 
TfctJural MUf.ilw (iilrnuu oL-i 'lOi’iirs, i-^imlinicd 'viilj fii'-umi', in 
tlio miiioru] tinur (< VF,), Jn iiiorc (T t-Low Lne nest ii> tlie im- 
poi'hiut |Kiri of iliC luiiiorai; it is oiJy Iho cHrlKitiote ivjjicii ii 
iii^l M ft wiirop of b'ino. 

Lime, in addition to itt; nw in nioriars oint isTaenty, in vniuabl< 
M ti fiujc in metallui^'S'ftl opTutiwns, ai"1 .s in chetnun 
msirV on u lot^ soolc. A ntixtu^* nf JLuc oitd lOAfrnoida is um 
in tlie manofnoture of basic Gre-bri'-Ls. 

Curbunntu of lime on ii'uitiun, espi'Cially wlien in oimUtot wit] 
reducing substanotti Jones cu lxmic add, and Immwidgs limn Thi 



k!KJ*‘n w <>i. *. with wotor it Wc^miPK 

hot, Bii(i H !■ tJ» 0 in-v.il-v ..J “sbl t"l Ijpn'*' 01 crilnutn 

'i ' li'i!r..i.'i> '.ilW m wnt*«r 

gr.'in i* :•?:.>,• j*-; rill .•lini o k iowii J» * ii"'.' 

w»iot I'l'i inni ii'iffitf ,- III! 10 ‘ fJ tiUMji-ij i-J in 

Full |‘ a*- ' Jl'l'k *'1 f Ull'" 

a !!i \ -i i* t.'mJ I'ltli.T ih or b:’ •,i‘i WHoa 

form oiMi ' » i-. ‘.i-n .m i*} rjuiioj j j*ioi!p, v ui ’* >j iio! wry 

fn-,i!i 1 '‘; h-'* \J .•i*. .iiil '.t)ii‘r oxnl arti [irvu-ot, lu* in 

c]:l^'>: "•ii'l ill 'll" i iiK'i.} >1.1 uii.iiiiiiii of Imio givm a 

vt-r} fii' 1 • ‘ l•I•* \ 

1)..‘ ■Uii H iVif-Ti'i’ tl‘i> r^'ildVili oriloav wliifli 

i1' s.lir !. 1 / 1.1 ‘ ' »•M‘ r..a.jf ll i*! In' t tnih'ilML'ii ifcith liyJro- 
cLIiiji. i.t'> I »•■■, Pi • ■ i' '.I vi.n- I pmI vith aiiimo- 

ni«ai' lUi'fHi.i-i ill M f lilt, iiiUitlo flaiiin. 

WIu'ii 'i’''j .1 i-i •'•n -'i ‘.r* ^Ul^Vh i brgu nipriN'rof 

liun«. of 'vli ‘u I •.•i‘»'» L :«i."' . I* * i.ipui' .po luii'iij-o ariJ olinr- 

RPloriii:'’ ^‘ai.rii. ih {Pi-Urtsl m loliPion ri'inoml of the 
nift.iN I ".••Pi »i'i. •nij'lKireuiiI .'iinl nniiiii'niiiui 

vuiii SiuPiioPMnu oxaLitc ainl amutOiiia. Tin' 
lini< i- .■iii'i] i.i. IN tin’i .\i' 'io»r'i :i'i a iH'iU* Mfto. Jiim* iii 

diftii.psn ln'*l *i -^1 hfj -ilknlha « hy loiiuui" ikuIpIihW 
ijp<‘hi '!(' Pi -i’l.tl.- ali'-’ol »ut, ix'mjiiily h‘>la'*l? in a l-uiiiijg 
Bolnlioii til' ..iiipl '‘U', 

Liwn iimumohiis aw fwr tin* HA<1 [i{iH .'ijj'li' in ■unl.i'i' or ill 
dilnt" at‘i'1. (ikiliiPhi lluoiiiN’ ir.in4t U* in <i pon- 

vi'iloi 'i»'o in a j*l‘U’r»ui oisb with 

Fu!|/lpn'K' aoiJ. .'ilL:/! > aiv ojH'istil ui» by lu. Nin with 

**fiwoi. mi'.n.urc,’' ii'i -«1 uihIpj* &!irt * 

Soparation.— 'Hi-' w]K»nPion of liino oirpctcd h}* i-rujioraiing 
inth iiyihvK'bloii'i nnM. (o niJii'a ; nnd by irr-.itip;.' with 

Baljiipn^iod l.\ilr(f^rii, ti' I'fiuovo (he iH'todiI gwiip of nicliiU. 
If ilw ft'ntiiiKrt liik'Ii in n, ihe wilutioii i-i Di’\t o-\ii]i^pd 

hy hoilii'j^ with n li!']o iiitrio ai-ii] ; »nJ tin* iioii, alunitim, ^o., 
•rti ri’inovw] u.- im.'ic pwii^Orw TKo liltr.A* is troiifjod with niii- 
znonia and bjidrogrn, iii I filluweil to wttle. Tlin 

filtrate fivni tlii<» is lutded to ^ mIUui:, irealed with a M,>liition <rf 
.unniouiuiti o\i*lnii! in o>(i'!ss, IioiIihI for five or ton niir iteu 
ollowoil to sellle fn half :ui hour, and HHored. Tliu pruci^UU 
eoutuiniii all the liin« un <iJeium oxidate. 


GBAVnUiTBIC ^ETJBSHUFATIOir. 

I 

TliO proipitidc of (ultium oiialale Is wmiliorl with hot wsteTi 
i/lried, tm^ciTod to a weighed plotmom eradhle, and ignited at 



TtXT-lHX>li OV ABS&YlHtik 


*'33 = 

a iompr.il >iiY; n(/t n1)ovo twlnuiA 3'his igiiitinn oon 

vfrtf tbo 'joil.iU' ijitu (-iJi Luu*. uub evolutKai of uiWnuic oxide 
wliicl* biiiii-( 'i: !lit' UiMiii of * 1)0 im'il'le witli a blue Uaiun.* 
(b'iu'iii !<3 n tiiiiiM I'lUiii.Uj i>) till* i'lrli^inU' is id i.lie Muio time 
ui)j.\(rU [ iiilo biiw. 'I’o I'M.'Oiii’frt, U inl-n nd‘l»)jiaip, jiioisler 
mtit iL le«^ of MiniKiilr rr.i IjniKtle sobilu)ii .tuJ drj in i 
Widor-ovon. /.nii'ly ovd .v rurjMi‘i bonn'i.nnJ, .-inil weij;b 

The Mill liijii# )<■ »‘.j iiim '«',), uiul iinitniiis $6 im 

fHiitl. ff inui: f(.'u> It i't (I AiliiiQ jhiudoi*, nud slionld fdioa' dc 
alknliijo i'PiK’tiou wiili nioL:pned 
WluTO tlio is Kmoll.it is ludlr** lo ipiiii-.p Mron#ilj 

OTOJ' tlto weijili dim+Ij kn Willi J.ir;jeT 

qitiiutitirs, and v.'lien ninny deieiiuinnlioiiH linrf- ti i« uluIu, it u 
ttiMex w lUiibo t f« volnineii'ie.iily 


VOTnidBTBTC! M.ETL'OrS. 

Tlieup j*«! p-n . iV'i eii’ i»r '• Ote uvibU* at onco in 

dilntp i-i)!}>iiiiii(' .iie', uii l i*>.v ndii ,1,^ mnU of jiotas- 

wi’iii *i'Iiijv)j»; Mrir, u-a LD-Tfr.* oi linitjjiuilru'lt'matc. 

and di Icrniiniiipr i' ^ noutinli. jti/ jiovver ' lUi tho slnniliLnl snluiioui 
of Hold mu' ■']|,‘ili ' 

Titralioji vitU PcinB'Ln&i'i.ite of Pot&muiu Solution.-* 
Thi^ s,)Iuiioii is ni.i.lo la' diistdvin/' 5/143 giiinih of tbo Kill in 
ajilor, i.iid bv dibi'iny ut i litre ; loc c-c. riiT «*,i'.avileiit 0.5 
j^niiu of 11'iiP. Tbi' hc'ulion If K(.nidnTiliM*d la u qniuh 

tity <rf oJinhV ai-nl aiui'L e'jinTOli’ul. Ut tbu In-u* jirtHTit in tbu 
a>*«iy;o.5 ^'Kitu of 'Imc is isjniv.ilcpt to 1.125 jn‘*tni of 
lisod uxiilio a -id. Tlie Htiiiidu'd: 'Jii" may bo dmio widi ircoi. The 
Ftuinl-ril fipiiid f('r iron luuhiiritud by 0.5 that for lijuao. 

Tiie pnits's^is oh foUons: — ^'i'bo Riicium oxalate (having lieen 
pre.'ipii i^sl 'ind H-adieil, n& in the ;,TaTimi'lric prnoeeH) is wui'btsi 
this)i(;r]j (lift funiii'l imo a n.'>str with ImiI dHulc euJ]>kuric midi 
boiit il till ill's /avni, diluted to 200 cja. with water, aiid boated Ui 
almnl 80“ C. Tbo isiln* joii of “ ptminmf aiiate " i.» tlion 

run ill (not too mid v.dlb lum'-taiit sliwking) niitil a jier- 

nima-'ut piiilj Is pifnliwsHl Tliec.c. iws] muiMidicd by tl'ft 
siandard, uii>l dioiibsl )i) the weight of the taken, wQ) 

give tliO peroentn^ of liini\ 

Estimation of Lime by AUalimotrys—TIie sethodB of 
di'lo ('raining tiie aiuounl of an vlkeli or bawr by mrana of a 
ituiidanl At iil Noluiion. or, nHivnrilaly, of dett'rniiningmi acid by 
cioauji of a btaiulais] alkaliiio aolutioii, are flo doeuLr related tbjii; 

* CWV>4 = CWJOi + OOk 



gjlu^ ii./iMilGmd uiiilir niio Jirud, 7 ii& namu uiainlanl 

^lutaoD is o|)])lu^iMo for ii. ojy azuK (s>iu^iu>nt]T, it 

fie AnjiriMiioiifc to tiu. -i ii ol «ii <i hljm'i<h tlwt or‘** Iriiv of il 
nduill iiiiiiut au oijoirui' o 1 iii of imy T.ht- lo ..r 

i^dt'tiTD'PM il. fcluch f»»ln|icn .»■' >;*: • Fcr fii a 

'eolini'»n of l»vili‘»‘.-lilor}o wW (lii J= 311.5) ooTiiainiu? 30 r ;fi«uis 
■"of rr.i! lU'nl jhT 111 ro, ivonul U‘ii(‘W0!»l ami iiiMivt'lont 
tou .sfthiiii'o n-nlohiiiif; oillin 17 jru»iia of urni.tu. ? ^17) 

or 40 n: in- of hvilimo ('N!iirn».4o) |t**r lifn-. It vill 
bt» ill oiiM^s tliat (hr mniial Nilutioii rr<iit'UUft il'O 
mol'SMil.ir A ill “iftic-pT li 1x1; aud. if Rolutioiw of tfhctw 
§tr?ii"Mig |io i.uidp, j( v'ill lv« f'-md iio'y |kyi>c?s /. njual non- 


'tiaJi'i'. wIiii'. 

II. ui.w. ‘I '..u •‘iiMjMiii:.:; t)H o( sulpliurio acid 

tS) 'mi? re li'i.:*. :t !«* tomnl io Imvo twic-n 
the slnonil, <.f :h<5 ilxoo r ili.lc «’», ll .»t is joor.c. «-f llie ewla 
Uroirld -■m 1\ iwjMoie 50 tv of inij nrid Ji(*utr.iliso it. The 
sooHoii for liibi \'II} 1- MS u i.a in'.fhH’l’uy Ur.* wjualioui*; — 


N.iUt* fiK I o I ► 
aN?t!f<‘4 ll> »,s ' 3H,0. 


■, Acid- likt* n :.'*i 1 tta-Mod ln'xwf, au«l fboir ispiiiti- 

[knit H only li-uf tho n;*>ns*.iiai' vvi^Iil. Tinn, n jionnal s<*l()tion 
of Kiiljih.iiic 'iiiM woiiiii ivni.’dn .jo ^r.uusi ’J) f(f n'-al mid per 
^Ktre Huiii.'iil), am*- joid oio-l of lie* Vu*<> ui'o an may 

^ 61 1'u fnMii i<li( loU / \i»*a I 'I'l.iUoim; Lt*wjv Tli*nr I'quix.dmit will 
^ half the luolr-cnlur m^! t 

Ciia+fTA 

1 , 77 *fl tifivtlani iutrmttl of htjttfvclil>tric ant! hi innd(* liy 

Uilntin*; 100 i'.c. uf the blron'f acid to one litre m'th water. Thie 
:ivill 1m? ai'proximately uonuul. Tu order to determine its oaoicl 

B fth, weijili up 3 /r.ims of iweutly waited puro flodiuin 
uuto (T ^ tiiu if.nntod hioi.rlKn'aie. Transfer to n flm<k aiiu 
ve in 2CO o.r. <*{ wnter; xilmu diesolvcd, cool, lUit faiotJy 
r witii n few dix*(.s of a Mulnliou of lurthyl orau^^e. and run 
> KtAixbiJxl iidd '* from a hiu'ette till the yellow ehaugeii to ' 
L IhMid off the imiulrr of c.e. niwd, and eiilciilate to how 
■odium carliounKi jooc.yof ibe “a(*id'’ are eipUTaleiit. 
i “ arid ^ iH strictly nonuj/ this will lio 5.3 grams. It will 
Hy Lw eqiiiTulent to mon> than this. Now calculate how 
sbriotly normal “ arid ** would lie eqniTalunl to the ■Uudonl 
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tuxt-book of Afi«AYmo. 


foiiad For r-juiinplo: thR .■'tniidird fuuud is 5.5 ^lun d 

•odium ('(u IxuialiR, Ll.ou - 

; < : 5 n ;• ko •. jt 

X it) tliR fj'iiinil: - of Mi.rtii.i. ".•fill “ rc-ju'iod). 

V- f.f. 

Ti' ;;p^ the *‘«cM ' -tf Tnitv;*i' w,. j nf.iill thtnj ndc 

3,8 i‘.r. of wftloi iu o.'oh 100 L (*t till* bj**!! wihil-ioii ifiriaiu* 

iiijr. Huj>jkwi1u»- viT.- .i-fi .jor.t*. oJ tin* “.u-id,* 
35 .T e.i‘, of wjiliT LiiM uiiiin) find Mil. ll "hould Llion bl 
dnrkf»l hy aiioMii'r m uni. 

'J he it ‘tj H ,it’, ortHO 'J In liisl nlkiili 

for tii.i, iMit,->Ki.c it l•:\ ilaulc '0 ivh-liillj 
ill isoliuii-ii'* ill <0 p itiil'] nlf i'll 11. ni' . 

01 *• /M/ Of-i' liti'i* i»r liii,. iiIU ..aioji’i .ijt'.ih ot 
,i’i.ii..«"»,| (N'Jl,) and u). • oil- udi \v . uniliail>(»^ ‘>■1*. oFtlu 
nrrni'd ’‘''lij " Ti 1 .- t.: i of muno'.in a >»] <li’ itr vitb 

wiiii't* ' I lif'- !.!.•! ii-to .1 »*■ f <1.. ni.>hi1iu<] 

‘'acid,' lii'l uiui ' I'l 1 cia: .> ,.!■•< iiio in Miir.i a I'.t'vl:** Ihe 
Pfllt.tion ol 'IQ'PIMJUt Ili 1.1 '.M Tdii, |.|V^ ifVi (. 1 *. will 

pnilqiidy be hui.i*. • i>- ,.o. eas » jo-.r!! imii* idi.iMld 

Ln I- U.Hi 100. h."n >4 M... IV is .( 4.I4 1 fb'tty oJ ijv.', TliPii, for raeh 
q5 I'.u of Mandiird “ ” Icri. ild 5 I'.v. of waii'v. toul iuuf 

titll. roo fso. Mill 'o-u lj(< fijuivalrnl bo 50 I'o. of tlm ‘•M'id,” 

A.h nil I'Tatu^ l( of tin* np^dio.itJO'j *tf this uiothoil, KR Oiay Uks 
til" diirimiit.ition of linie In limpftouH^ uiiuble, uud (diuiLu sub* 
falHUOl^. 

Dotormiiiatioi^ of (jlmoiit jLjr>nctit.ooo • -Vi't‘i;;h up r ^un 
of ijiu di'iVii >iai: pK . *i.l lii'.iOivt* lU ^5 •■.e. <if noruiAl ai id, rool, 
fb'luir to IOC iM-I libi-, . ti. mtl* ilK* 111)1111.11 Hoiiitinn ol 
alkuli fiiwPL* ni"ihyl-oi’Hii::i* 10 tin indiwitor). Pivido Ihe c.0, 
of iilkr.ii uMi] by sul)^i’.^( l ii\aii 2^. and malUpIy by 0.02810 
tiiul (111* of liiii-. Till-* mcibod ih uoi ii|;i»l:(Mblri in tbs 

prun^cc uf oUii'r or oxidw, imlt»R l^e woigbt oi 

tliwe RulwUiicw be iJin'ivatils ilct^uniiDed and due oorrectioa be 

STifONTIA. 

8tn>btja, fbe (nude of htrontiiini vn;uni idk nature si 

•ulp)uito,m tbo ininerbl oolchline (tb'St and si ou-lionate in 
■troi.tiiuiile (fSrCX).). it in fi and in hmiOl iiuinlitu'ii in liinoitooefc 
•bulk, hi. \ : 

Strontia is used iu lu^ rdiiwg, and hr the propantitm ci 
eoloarod lights, 

Detwiion.-— li ii detected faj the ainuon eeJuor which id 



STKONTLL 


^tempounde (wl)" . in</lsle'iP(l t/jih x.'i'l) iuijHiH to 

flau'ti. Tlie MK'drmn ^bo^v , a of liiiif, oi wliiHi 

a red, au oinui^', nr ' ' hiu« am I'vU I'lurxHfiii (i *. 

lirPhciiiblcj.liiii:> til ni‘U‘\ its f-iiijyiiriik but 1 

by llio ill. n'-nlalilv of iU ■.•liplmk’ in n ■.■•ilr* s«!iiii(.n ot 
Jiium r.iil;.li.i*<‘. j'liil by tin! ii. ibtliility i:f in dIcmIioI 

Jll'rinii I'.'ijyl I. rtJiiVIi it al'^o i*.v i.i.tli*', it by noi 

yiclilii'j’ ::ii biff, lull!**. binitu'Jfij jti luid v' My Ihii 

Bolubib’iy (i| ii.' (hli*i‘ju* in aiid by 1 !i** fm't. lliut ns fsul* 

pLiite i." into **;ii 'if oii iHulbiy^ viili a wJution 

lonut'.l f-/ > jj'.ri.** f't |H t.'-'itiiiw (‘■irU-i-.iti' riJiJ t •)! jifttrtAinin 

8Ul}i)uil(\ 

it. iu jrn; ibt<i snl-r/on bi tli** fiin*' nuiTiiier nh liri'e. Tlie toI- 
jdmlo jiiiil U* wiili -f.i-s'on Mr-iiiit*, ' fxfrtfi'ttsl wiUi 

witci, /u»*l l.liori'uylily wa.l»><b Th" '.lill iMiiUin the 

RtMnlKin- ;vliVh i" ^v.Uly W'li.h'.i- in tiilulo bydiD- 
cblorii* o»' i.biii' ;.rl l 

Sepantioiu — ll u W‘|JHr.iii'il of tlu' silu*a and 

metiilfi, ub JtN-i ii.'S'l iiihliT by aihlpi^' itiniuioiii aiH nm 

moitic e»ilK>iiut( . ui.d mMiiuj.iL' 1o >-tiij*d for r-itue houiit in a xi'iirui 
place. Jii tli(* Jilwnio of or liuie it iv filuwl nlP, :in(i 

ireifrlial 'Jfrii'ttii:iii carhri'iate vhirli cniitsinis 70 17 ja-r cunt, 
rf atniniu. Jl ^<0}i.iralcnl KorU }jy dlssrlriii;^ in a litllo 
byiliXH'lilwi'i’' iv'id. luMin^' ominouii'. in cxcii-^ and fl'un .iriiJIfiMi}; 
iriili aotitic arid, rind |jT‘Oi‘i|'il‘<tIn;! tli» li.u)lu vvilh {rotiu«ium hi* 
shroiiiuti*, OH 'Icscrilfwl nnchr Tlie strontia i^ pniripi- 

'Al«d fiMiii the filu'.ite by iK.liiD;; /or eotuo buie with .*■ Htrou^; 
nlution of .aiuaioniu sulpli.d^.* ami u little aunnouia. FiJ. •* jiarta 
i (uunotiio sulplnito ore i<h| lui-d for '*acli pari of stmiit/a or 
iue pn'iK'ut. lliH prunpiiato ia lilt urcd ntl‘, aji,h\ nahud firei with 
\ solution of ainnionie snlpluite. aud lin a with alcohol. Xt is 
tried, ignited and a-eighed ns strontium suiphnle. 

GILAVIMISTBIC DETEEHIirATIOir. 

mte detorminaiiim of 'irmilhi in pure solatione k best nude bj 
dding sulpliiiric arid in and alcnhri in volome equal to 
ttat the aoluiiou. Allow to ai.ind overnight, filter, wash w^Hh 
ilnte alcohol, dry, ignite at a i«d heat, and weigh as sulphate 
3 r 60 J. Tbs contains 56.4 {wr cent, of atioutia (SrO): or 
y.7 ptf cent of ati-untium. 



IMT^lfUUft. Ur UtLHTJWib 


I-AIIYTA. 

Rurta, <iyM<‘ ol Iwr-nn: (^»iim">t!ly 'vvi.m in nm-hiiia 

tinn witli riuljumin- 05 .Ui'iii ihf* l.en\y hjia 

(I'rfiStJj, and in ^iili c-rk'n •’*ovnlk- in uitlirrii 

(IliiCO) Tkut- a*’'* Uirf i.lK fnuiiil in laiff 

mmuhty /nh^ialrtl wi<l» ‘.n-l -I'jnT ha'I.iiUc p'i!|’ 1 :u 1 i>) ij 

Iwloh. Km.-dl cr\ a :iK yf ,’m tinpr-nIK fo it;*! ii 

mitiijii' (IhtnVu. f'sK'iiiiii ii (‘•■iixliliicnt 'il (\naiM ii.incin 
wari'j*-. 'llji' 111 ip- ini.. i\v w*... 'MiM'tl l-y tlm’i- M^ii hjsrUL 
gra\it} iuul tlb-ir rr. ’UiUiUi* ini!ii. 

CoiiijiiiUJiils' Ilf Imi imn :.in* oiii-:i r.v-il ]iy ilui n-* :iy» i , ipor 
eh|»^-i.ill_v iljy I'Llf riJr and liuiMlf' Pn will-- s 11-, n''r. ilp- i-x 
«.'|<ti-.ii of Llu‘ HiilfiliiiU*, i''‘ij*‘Mally . iliii ill n,-‘i ^ ,»■ m ill-.; Uorl 
ttCM. In Mil L pn-l'.i* si.'.- jUfViJjitiitii 

of iMi'iv! rt IJCf i iinm: • -il, 1 Mrl» iijt- 11. »i i iii ■ ' 

Tin* dpixioo vkK',) U ii-iii fi ■ i!«i‘ fi'rik-ir.’.r.m f.f 0| 

Nixuijf i;.iiit"in n yiMt. 15,. I- vy'i. a.iil } <• d *i.lo hni-yti 

()i|U'), ttllMl, n^ 1. U.V. I ^^';l 1 . 1 * '>1 fh'lU tti 

air, 11* fMimiij'i 1I1. Ii.*,v*di 

Detection.— Iliiiiiiii jft dolvvl'-? I-*- ti<p j.in itp .nlta 
*'<IKviilly tin- cIiI'imMi*. Io tW ll.nii, Tiii-, \i n,*! liiMii^l 
tlif liijei'H-oMfiiK', i.!nin..u«ini)].JK.i.’.) \ li'i u -wn liins 

ill llu‘ }*!‘' h,ii uio npi t r.* i!;' i*- MSJ.i- rd iin<l Tin 

Hill.' of Imriuiii i-a xorli ^iilpiiiiii-uvd li.\ •liDfjOii ii 

I'iljioi ur jilkaliiH' luit with M.lj'Iiurir fi.»J tJji-y* 

ou/i f;Jrea p * vIjiilufK, aloVli N iiiM'i.iMu tii :v 'Jat** iif k^Iu. It 
N1^l<^oll^ n‘jiJ« i\il Liisi!} acid with aixwc afiil. tlpy u yellon 
pii'i’Hiil.'ilo vinli Hidjoiiiati* of ]h>iii'-h. Tli-sc nndiuiiS an 
diiinu tiTjciiir of iKirhini. 

irfiiyiH ii' j.«ii into bfihitiop in Iho niamifi' dif^riUHl undR 
hitH€ : hr.t iu liio cube of IliPMilpliSUi tin. nnliduDn! k fiiM'd wit] 
tlii'M' or fonr liiucfi its w»* 4 (hl uf '* fww>m inktuifl." TiiP •' moh* 
u ostniHc'd with wutrr, watthud, and the nwdm* du^olvod b 
dilnto hyili'oi-liloiic arid 

Separation.— Ilio n-jiur&Hon ia tlius iffik-tid TJie wlnijM 
ill h}'dnichlui ic iit'id ik oiapuinted to JryiiPAi, iv-di<tHi1v(>d inrha 
ddute hyiliocliiui'io luad, and nil]iliuiK* adde*' to the sold 
tion til] 110 fiii'llirr jindpitate ib lunni-d. TIm jimapilnle I 
filUivd oil] and dip^ioil with a.(kihilH>r d bnu/inniiiiu ni’date ei 
ai Nodium hY{>oinil]ihiie at 50* w* 60' to disbolve onL any Idj 
■nlplialo. G'ho iVKidae in 'ifl] driad, and iguiin 

The ifj'ziitcd aulistaccu U jiiizAf^ilib four -ir Avc times iU 
of “ fusiou mixt'ore,'’ and fused in a pbiluiuiu-dish over the bjra 



AAXfti. 


■jtfjw m few KiinuteH. Wlieu it w <'itn£tod with ctiM 
Rater, tiltpml, ujid WHhlieJ, Tlie iMidim k (Hrnjlvwl in di!iile 
Bbyrinx.'Uonc /if uivt'-.-uir}-; Idiwu'l. Tht* ■4>]ntjf)i (-on- 

Mwis tLu ku-iiim ith fuiric uiixtHl. {••jj'lrijf-L, (liili h.'IlH ■ F 

fii' liiiic. To M'jKiiaic DiO'ie. iiunni, • i*- li'Mc'J /i>t (J\(t 
iitolution ii* ftlK.-iliur', ;ijii| ihoii kii-iii* lu'iil in n . it t‘\(v«s. Ohno- 
of is Hientliftmti iio«n,by thoiulilitkiiiof ItinhnMnnUi 

pof iKrfufli, * 1 .' a prcvijiifiite. It w ullowisl to ^''itln, 

jatw waslunl vl».h a ‘ft.lulion of sKvisil** i>r uf nif.iMia ■>/ uiiimoniji. 
jlt in i'xikt!)', ‘iml It k aiul fMU- 

lytaiiiB 60.47 1"*** ^ 

£. GEAVIMBTJIIO DETEHMIXATIOZT 

^ Tho|rnini;itiiii‘deU*i-iiiiir'li«ii id Lirjta. T iioii liincaiifl Htmniia 
;jupp Jiiutout, ih Th li.li'iwK: — ^TJii* «■ |iit»'ni, if it itiitlaiM.** imicli riw 
lirid, in luMjly lU'iUinlw-J wiih . • imooLi, ami tlir-n ililubtl to 
1^00 or 300 0.1.', It (h iKuIiiiir. .>nil ildnto Miliilnuic aoui 

^ addict till li'r fail tier |»itHM|ii.ii>i'>ii t.ik< •* pl.in. TIjo )im*i[iltiio 
ittall’iurd to .t'Ulf lor « fow n.i'i'.U'N Miroii:.»li u tiller, 

buuJ w'usi (sl a (til iiot \\uli>r ; aiiil, arti'iasutk, iliirnl, tiaiisfiTml 
•to a iiorei'lain op'ieible, aini %troiJ;:ly in thi* I'nilllw or orcp 

blow ;.'[)(> for ji ioH iiiiniito. it k tlioi cikiIhI, anil wi'Ulied 
4 m siiljilc.M' of iKir}lti It nMitaii.s |)ir (rnt. of 

inn la 

Jii (lokriiiiiiiii^ Iho Wvtu iu llliIiPr;ll^ wliieii aro miohlo in 
|uud, it ill ]iioci|)iluM iliivri. hviui the hMlrooiilonr mnit vil'itioii 
jfnearly u€iitni]o«*il Mi'th iiniuuuiM) by ui(>.uih ot ^lll[lllu c neid. 
Jflie jiroripilatod bnrii' kmIiiJiiiu' is witb n ruiluuou of 

^mmoiuc Bnetnto; and tiltoivd, mu^biHi, i^iiiri>d, end nuif'beiL 


VOLUHETEIC DETEBHIJfATlOE. 


L pririoi{t)fl and luodo of wiwkin;; of tlu'ri is the Nine aa that 
Hvra andor the Snlpbur Ax^ay; but iifuiJi; a Rinudurd aok' 
lea of fluipbvrie udd iu^ixsid of one of lnuinm cJdoride. The 
Mhodard Huiution of miljihui'io acid is made to conUiu 33.0a 
■nuM of Rulpburio acid or an oquivalent of a xoluble 

Bkaliue Bolpliotr, per litru loo o.c. will be orj[iial to 5 gnaiA of 

gnmfi of the pabetanoe are hiken, and tlie baiyia tl^ 
■D^ ooumt^ into lurbniifde ^if necejwiry). Tlu> mro«inni« 
pdiftiolved in dilute hydmcblujr add. Ten tpuniR of eodium 
btote ore adileil, and tbe toiuiin, diiutod to 500 is boiled, 
10 titrated in tho nanuto' deiinrib^ 



Loud NHl(^ it'jiHt \n‘‘ iliu'iii in the li^ivtiun, niel imi nnirtf. ^Irontii 
Hinninif, Foimip 1^' rul■fn*^ por 

or cliJi'Lvte of {i4>„ 01 li-* ' pu!t> do Lut IntA'l^ure. 

tiie (wo* n' Uivy^. --’in* « ■. .r in nahire li 

tho nro miui'K.' fH-iicw /Iv?vU, ; tnrl ! * I ti, ’o-nili 

(M/: 11,0,). A ftiilt -i-i'li *i ftcf uf' ifa .'y .•■> i.i ; 'ii-'isiii 

(M;r(!0,), wl'.ii-K IS Oi« liil 1' Mi\'J vitl 

rartHiiinto of luiio. i< fon:«.' »»i i-'iao 'son. . m* h.. i iImI-uiuIc I 

iH ii’ hrijOi rr.oiifil'ti I'U i«i ir.i*. • .il..iit'si; j'lii tlu 

ttJiirtJiih, heriH-miiK*. ko'I ar- v- 

mb'attd ftiliisittf. I'f o.t.ji., >, n s ;is i-ou 

ill Biany , 1*1 ‘M* s m-jI fl.i 

chloi'ide. i ' .5 ' .a* 

Mill iri lilt'd Ju ll.H ui.ii’ui.t‘'nuc nf ‘o ur.s 
Dot(K*ti011— is ■„ T • ivtt It, 

mmpouijil** 1*0 < •■]»., r »,»•'< ifO'l I's*- :lv : 'mj j 'i'vOIm 

drv is is j'u'hIi*}/ *'i»k \ • .» .:i ' 

l)lun-pi|)P liift*.-! Hiiilin. *1 vi 1 li.I„iT, n* . ■« ssisnii) Ji 

Holutlop, h Is nvs'Wiin'I I»> i**- ,*.» iri!{..iJi T5'' nu 

or anii/ioi.i.' nil jifJTi.'ilf In tJst (•n -r r f»f iTe'-i cl.I *ri.li , sme 

hy#^i\ing:t Avliii'M'iysUJIip* «j» wltliii;' wsflnii* ;i.u» 

pliulo or awi'i'.ile to tl»o JaUitu ''ijsi'mI nrin 
Miijpicfiin (li.’eiti fi au tJie oMiji^, liy thi 

of its ^uI^^Lal(! In n.r.i'r 

is l*y ^u(l ni'^fi-Mtciy .'O-.ijjfpaeiflH; 

the ki^olnblo umip(*iui<U a(v» rnseJuilli ‘'mitaiji mbeture/’ und 
treatiHl as drf?iibrd uuuer , ’V v/iiA. 

Separation.— It ii. Hf'i^i-svln.l ly oTOwaidhip the acid soluiioB 
to diyness in rrnJer nK«< ij.!->U;We, U\ Tailing up with dilute 
liydrwhloirio :uid. Theao!uli''n w fwid fixim Oio ^rouj 

of UK-iiila l.j iriwurt of Miiidi'U'oll'sl ]i^*ii<'^',eii, and ibu iron, 
dniuina, .hs., aje n^ioo'od wl'wii .ijuiuoinc chloii.!^, arjuimiin, and 
mnniouii* nilpiiidf. TIih wniK irlnt dilntod u irr^iied, 

first, wiUi auioj mi.i, n'ut then with ('ar)ia''.'iio vif aoiinoiiia in 
plight 010868. li i' (s> Maud for on l.oisi in a U'.irni plaoe^ 

f.nd tlieu filtmtHl, Tim mw;« ivhia ia j*re* ilio filtrate 

by Iho addition <d an c.f b.'>diani p'* .}>h,tU' auJ laniuouin. 
It ill idlowurl to Btjun! <ivei'n'^'lit, Pltor«s',. j,fl v,.m; od nitJi dilute 
airmouia. Tim pre^dpitito o *1101116 Toe uiagiitiib an aiLtnoniiO!; 
.BagUOSin phOr'plulte. \ 

Id whew it in J’ot derainf.le to iDlrodnetf jjadiim) silte 
phoAipliorio add into tlio ensay solution, the mefbed's’*' 



UAfiNlSli. 


;.M) 

tdoptfil (liVif: fmiu the othpi- lult.iVi*'#* e.iilli’lty 

aiuiin'Diiitii im u sniiill iKOTT.Isiin fliV wuh 

iikrii :4r«d 'Di** i hit* Jtifli‘r tli- imi' •,:ilis hy 

iijivrji h, lilile v:>i.«>r a -u-.-.* it 
OAiih fiin-l 1., i: (iLili'Utiu ► .j*-! it*-] t*- C .i\. 

»Tnl Tmc i*‘Mihn* l^ I'xl'u.irMl .ui-ill c* 

Liiili’i'/ wftti’i -t..) otf; wJuIm iIiP Ii/jj).' w Ij 

v:* it*- f. 'I •* ti.’ir.'H* fi*-ifairi : tlif iv iuue 

i-Mi-l ‘ r V i V,*- I * 1 ;i- It Ih Alt/V 

O ti A V IM fansio BF-TEEMIN ATION. 

T1iP '-'iiJaiMr.f i-.i' l» miit-l wiil» i-l-turidp /if 

oi:i*.ui*'r *' . 'I*! 'ii • tum If ;t puvipu.i'iL* sliculil limn. 

.« !"■ .I - 1* /•ill ].!' ''jihatu 

n»l'r»iii * xt - ‘M* .I'l.l to i>nd 

« i-!: Ill- j-iiHiiMai* nii:i -l/'i' •uiuii'miii. traii'fL'i' to a 
'i ti priinMti, jiii'l yiiilw (llmllv irt iiiti*i"'»! rtt] 

11*. •; i'l'l ' 111 ! v*‘».n. Thf I'nl^laiut v nMum'Vrt' pyifiijlioh- 
|il.tfcU. i ‘ I'O’it.n'iift jHjr cf u»a^a»u.iA. 

VOLXTMBTaiC METHOD. 

Tin* ‘’hmiij? Iktii jufcipiMi**.! as dmrrioiiu*-miignwic 

H the* u/ual il^i m'liflri twi Ih 

(]i-ii 111 , '.mI V* li'un’liioitlly hy Uio of titwiiou Ot.-siirik-A 

or. li'i /tii;/'iftr. 

Tho Nil!'-.* ‘•‘•i.IiinI Intion <♦ ni'aninm a<w‘ttil/' w ’.W. In 
B(.a.ii‘l:inl f''t > .uJU'M'a . by Uit* sfn d-n-i] foi 

jil.ifr.) Iini-i o’-.Mi* by C.540’ JjV>i cxuuiple. if ono hnu-l wi c.t:. 
HIV t*ipi!valvtii ii. 0,5 fivim of |tln-^|)bin-n; oxulr, Llwy will Ise 
t‘i|«iunlf'i i 10 (0,5 X Iv.ty3) 0.7746 ifraiii «tf uinffimsik. 'fho 
Uiftbixl ol ire'll*: and the rttnditiouH of thn Ulniti.ui jn* the 
mini’ ua hn* the pho-plrilt* b'trutiou. Tlio qnaniJly of Knb-iaiia* 
taken for .iriaHy miiiit ii>>t c>>zitAia luuii* than o.i or 0..! ^n*:u)i itf 
nia^uesin. AfU'r jnHiHpiiatuu' na umiunnnMiin^iteiiie phospliaio 
wiib sixliiurj phfjsjib.iie, aii.l w«U riialilii" aritli nuiiiDnia, it- ia 
diH^olvvJ io tlflulo Ijydiwblon*’ aii'l, neuli-alitietl witli amimmia, 
RDil ‘tn<Hr. fu’ol.it^i aiiil aet^ic lu'iil oro odiUxl in the umuI (juuntitj, 
Tho Nolutinii Ih Ixnleil aud titmluiL 

^ EXAKIKATICN OP A UHBSTOiril. 

* f 

Silica and Insoluble fty.ioatee.^Tike one ^'raio of tin* 
drioil hiiniple ..lut diMtolve ii i« 10 r.r. of dilute kyd^>ulilciidc aeM; 
filter ; wu^. diy, and the i-esldua 
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Orgaulo Matter*— If thi* rc^itluf' inynInM^ in hyU^K’hlnri 
nciil hluiwh ilu* jiM-v lcl i‘f c'r. uiio, nuniH', il mnil liocdlliricil m 
a tilli‘1 niitl tliiiil at loo*. On wiMi'liip”, il l iviv 111 

cnmlnn'**! ijlit- ■»{ un:. nii* -iini iii'<#liiM*.' rii itivr. Tl'i* l.itliT i 

*iy ivnitiii-* Mini aiMio, 'llii . ‘yiii.i- m.iUe 

•'iili'iil.ilitl liy . 

Lime. — "Whai* l.ut liii'- h is m* uir. Hiis is 

iuint‘<i iiy iiti v.ii): 

it in ijio.t.iil n.'ivnl liycini l.l'Tir ,.i M 1'i)jr witli inptlivl 
nik<i f-Hiati' witli <<( :ii! ii> :'n>al .iii ).• •nh. lli-' i) \ i 

aiiiin'iiii!i hv 2. llri t Mti ^5. >it>ii imiI'-i ly il..- it 

iniiiinK'i I'y 2.8 Tills jL'nt ' ill** .'ain "I itui • Wli n um 

iii'-Di i, ].is‘j-nt, till' '■iiiiii* i'iiIIj'h! i' ‘.nit il,.- i, ,iv,ij**si 

(wliicli Is scjwii. Il 1\ iSci' Mriini-l} is iwij 1 . 'ft 

jM*iss'iiT:i“i' Ilf iiiiyii'‘H ii'i'M'l is i.uili ,.'isl I ; i'"! l 

Is ■liilnci- il fimii i.iii> tiji^ijii.'iit til • i‘ti*.iy • f liii I _• t l-y i i* ••.itm" 

MaLnirfiia..- !iissi.|;r : ni.ii.* tl-i I.m** • .m iiyliin'|,I-'j 
iunl^atti) si>|Mr.i.i' till' jih.*' ''.uri -m n.i i.m . 1.:" ..'1 11^:1! .!■ 

Till* Mfiiti 's iMsivtl i\.il • Hi'nii'i ,1.' .ui 1 1!'.‘ III I 

is w-i JiC'l il' i>yf»'»l'i sji’* * 1 , -’ii.iii.J t I i I ,.ii|i; I !.i-*t,i<‘. 

lion,— hi'" III' I i* ii" ‘Il i.vl* sit'll 'iil'iH- ,ir) 
tiliMii' 'Mtli stahiliijil |H‘miii^i,i.i((i it }i"t.i'.-i--'ii m.Ii 1 1 11 . Tli 

pv<‘* tin' tiiiii) Ill'll Till ll‘ll•l^us null |s di'i. iiiiiTii 1 iiy ill's'll 
iu/i siudiiii'r 3 ^'t'.iiii'' ill hylrm-hliiiii' iai>l .ti t.iu'i titv..tit 
ivitli til" ]«'ri'iMi."iti lt«' uf {ml.is'itilh siiluttifi. 

Mau {Chill ' 81 ''. ili.'soht* 20 ;iRiiu.* in )i\ Irk'IiI ilr ii'M. iii'iU* 
ni'iit Rili'if' ^itli Mfla. mill imiiiiiii: ficitaiu, iHiil ‘niil tiiti'i. Ti> tl 
tillniti* mill 1)11 uni li", Isiil, urnl ili'loi* iiitii* llii’ uisiiiptum. ii in t-l 
jmiip^nU* iSi'i* ji.iL'1' {o-j. 

Fhospliuiiti Oxide.- Tin's m ilMpnninisl l»y ilihsiilvinc tJ 
fi'iiii iiiii.ity |ui'i*i|nt,iU* ftfun tin* inni'j.'.'iiii'S'* '■(*|iiir.itiiin 
hyilnx'lil'ii'if su-iil, ailiiii';: fiiiiiiiomu in exii'Ns, ami ))itNsiii;; si 
jiliuii'Uiil liytlTo;-i'n Filiiir *ii«l mlilfcitlm iiiti'.ili] in.i'^os 
niiiclujv.'' T>n‘ pivtijiiittli* is cnlln'ti'J. wtisIieJ will atououi 
ignited, and \si>i;;hiNl as iiyiti^iliosplmk*. 


TIJJfi ALKALUX 

Tlie oxiilfH Ilf sodium, jxita'wiiint. litliiiim, "P'-'iiini, and r 
biiiiimi .'Hill .iriin'oi.k mv g!i»ii|*is! uuil-ir Mim l.isul. Of thr 
cn-sui atiil niliidiu un luni. ami litliia (Jinjitfn'nti\i‘ly I'd. Tli 
ail' <‘u?ily tlistingnisimd I'j llw-ir sins'tiii. Tliey siiv ehameU'w 
hy till* Miluliilily nf almiiht till suit- in w.ik'r, and, com 
i|ueiitly, art* found in tiio snlutini '■> from which tlm wtha in 
(ixiddfi of Uie lueiida Lave lief^n j^jozaied by tJio uimii] grui 
vewigentB. ^ 


•,1S* ' ' 
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3!' 

; Thl' ‘wluliim fn-m wl-.vls ‘V lili*” sultt-.inNs h-iVc Uh*ii 
. lepdiiititl b* ii. iliT'tf'HS, .111 I t’l'* jjUhliu't to 

jvniiovf till* !i'- ■ iL' aiMiti f .r tlio |t<:i]i<ise t>r s<'|<.iiTili()ii 

TLt' (fmiHiii'' ’111- ilk ill iiH'i’ius fi’ ililiu’l'f 'I* 

ri'lDii' ik‘1"niiiiiiu;r ih** nf tiit* (kh'i-'-uIiii 

alkiili III ii M Ik'M Id •‘••men Hu illnyi'lln r, i iIIm-v 

iiifii I'lil iM.lt ('>' ljili.it r, .Hill III l;ik* Ihv <ni!>‘lil of tho uii^nl 

lulls. I‘ L« iii'Mlly UlOll* n.li’.i'liii'iil I'l Vl*yil llli-ll' :i' I'Jll'iniliv, 
Thi‘_> U11* ■nlliiTkil i||(4i llijs l.inn, i| Jinui' if till' IHIMI'IW hHiIis 
ftW I'l'-'-’P’. l'\ I V.l|ii.V‘!ili;: ^iltil Ml • \'lf-S Jif l'\ iIiiicM.ir;.- 

ai'iii. Nt' .iiv <‘iiTiv 'ib'.i isii'i ill) l^ll^ nv,iiiiji*iit. 

wish Mil] .. r.'.s ( 0 * I jiiH'piii, ll,i ^.|||<('IJ|(< isiliv 

Riihoil iu fi h:'” u,i'-‘i‘. :nii* »I) (‘j‘ I'll! ..i-ji) 

|lltvi|ii| It. 'll I t.l I. (,f liMi] ill H,|. j'ii>'-|i||iH> 

of .il-' i!. . 1 . I f\> . l'i';i.ii i<. Jill* n > 1 , itu 1 t! Ilf li.ul 

tijili.". ii >\i I •' !| .) l._v .'i. . II. Tl-i,- III' 'ti* tV"ii l-M-J 

Cv..jnii.U ‘*1 ' I »i'\. ..n ::ii .. i»f liyilio.'lil nil’ ui’*.!, utiii 

till 1.- II I* » III 1 '-M.' .il tM- dll.Jlii*!*. I- Jjlllllv IJOlitl*') 
an»i v.i'i '.i'!. L’l 'i.'i i iii-i tvnii .i* iJi.- *ji» of !liii>.s uml 
uf .,il| •••■s ^]^wr il.r I', r.. til. I A* 'f ulhjili's i*' 

Biiiill; i'll.* !' .i'l'Pt I f' •») -iiid ima'li ('ilii.'ii wi-n!/ cimmiMily 

(Kviii) J. •■■) H i' .'{■‘I'jii till;. il(t .iiiiuriL it i'.i»iit'iini'nt.toTi*iw)it 

the jHi'H'.iik.ii i.f luiscHi .*iil..ili.‘s ; w) i.'h U ’hus UM-erituiinl : 
TH-'il oil* I jh 1( 1 ’.III .'ii/lioil i-hii>’'iiU‘ • iu too (.',0, Ilf •li'.i illiii 
uaiiM', .iLi I wiih kl.o .t/ikdiiiil v>hit.ion of rdlvcr iiitjaie 

(nsiuff |i lO"'' i‘li'*«.tii 'to IU tmlii'iiuir) in tin- iiiinnuT 
oii’ior f'.'i' Th*' e.p. -^f hilvrr itiirati* u.*(l uivi*s the wcijrht 

in Tiiilli^'ixin*'' "f tho Hili-'in'* pre,*'-nt, Alulfijily ilii' ) 0.775, 
and ili’tio(+ llii‘ pi'uiliKi. tioij tiio weight, of tho iiiiv»sl r-Junri'iw. 
Tin ' v.ill p\vil)(*isni|lii.ifil of the alkiilies(Nii,() nml K/)) 
piiis< ui i*'or (.Miiii{iii‘, o.o3i..'i prnii of uiIxihI oIiioiini'K ivtiianvi 
on IjUMliii" i.t,2 I'.i*. of mIv. V nit) Uo. nliii'li is eipimikut to 
D.0142 ijiMii of dihiiiiif TLii iunlti|i|iiHl ly 0.775 jiiva* o.oijo 
to }ie iIwIucIhI from the weight of tlio 1u1.x1.1l i-hloritles 

Mixoil I'liloThl'H , . . , o.r 3(if} yrnn 

UiMiuition „ 

Mil'll alhiKfls , . • . o.-’iqd „ 

Armnning thin tti li:iv»* Uii'n col frcim.i gi'i.ni of a nek, it mould 
^loiiiil to 1.56 [11 )’ 1** nt. of '* |riitisli niii) .sjuln.'' 

Tho ivliitivo jinjjiurtioiia of I lie pot.-yh and soda «m Iw 
IMoerttuiieil from the wiiiie doUn ^.liuatioiL Sodium Kod poUnbiutn 
]j^^]orideH linvo tne foDowini! cuflipomtiou : — 
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Soilium . 30.38 PotaR-niun . ^2.46 

Chliirine . Ghlonuo . 47*54 

ic-c.oo 100.00 

Tli<' UPWDiJur^* if elilii'ihi' in th** n.ixul cMimMi-s )■> oJaiVitod. 
1l i.i'Tifs-jiiiK f4iMh s«inti vl..‘n‘ U t«iv:i ^7.5 .d«W o.(» jtiT i-nt., 
u'.p) (i.<- <iii{‘ 01 (lit iiiliHi of b'lij.lH'fh .'1^ t]iA 

|.» »|«.rtit.n of 'ill* tHloiin m juirjivisca I'lvu-'i'.iW.ili's E'ich 

iw'i' t fill, of 1*11111,11, • i*\**i*- Ilf J.7 ; p*}iit**«'iii‘ ; f)‘ jii*r 

of mhIiuiii f)il>iri<i<' in ll-o iiii''<il cHoiM'-* 'ri,i- jrfMi" nt.-jt* of 
]hiLi'Ii iiiii) .*<'h].i ill (i:f •>(i^,.*.|-.ri**i- (*i<i !i» in ll.o (i<-iiij 

wiiv. !^i"ll.nii <‘}iloH«J(* Moliijihi'd In 0.5'; ’ i'o.'s n't l•lp>|V)ll"nt 

of I* will 0|, 'inij i.ini rlil'iiuf • iiinitiol n* \ y t />■']“ 'nvrt 

its •* |iu\n!i Tit 4 »i {>/•(,» t| 

'I'lii' i.f i'pIu’o. *i*l'ii«u* 111 Tim* mi' 1‘1 '!'I ill* aIso 

i-jili'nl.iTfil ill'*,: V-'.b Ihf •nif i.v.Jij.ip l,»i I'liirliviioii, 
i^lnl );ily tItp cliloriiu' f./.'i»'l l*y 7 10^. ’! 1 — 

10 .' i« t - j i V, . - -i' . 

Eiotn l.li*‘ jinnlijoi, do.* h-,, irr houoii, ••• ;lii‘ clilondes 
foil ml — 

Pl’O-l'l.'l .'ll.'W 

Mim'iI rMonilw . , ,0 ''.-f'l , 

nco . , , o.o ''377 

Tin* ni'i>i’)i!i'*il liV ^fi'SS (In' vpijliti of srHiinu 

clil.iviilf* Jii ilio nM\i'*n‘. in tliiMiiM* It « jMil-o ...• iS ^'»*,,iij. TIi# 

jiutirnMnn rlilon'I.* iit Ii\ dir iliilrn-iwr lH‘inrMii titiri * u(] 

thr lit of llio ini.tr * iiloriilPh. Jt opi.il?' o.c i.jS ^niiiu 
WeL‘iveii(«\ «•',{ — 

lS'>din]]i rlilonde . . o.oitS^tiiu 

l*<il:i'.siunidiloride . . 0.014S „ 

from I f[rnm «iF tli« roi-k tvkcn. AlTiltiplviri;; tluso by Ihwr fi«J 
biTK we h.ivf ^H<hld = o.oj 18 n 0.530J ; l^itl»^ll 0,014s x 0,6317)- 

So»6i. , . . 0.675 jH» lUlll. 

P«(!l*ll . . . •.■0.935 I, 

Concentration of tbo Alkalies. Willi tbo owplion 0 
mii^'in'Mii, nil tlir ithrr Uimk suv wjmianxl fn ni Uni ij 

liir 'j^linnry '■oiiise of woik willmiil Uio mlililiou of rov 
wliirli i-HiiiMit Ih' ll•Illo\rli b> 'iuiiile ei'UjKinitioii luid 
(‘■diisc'tjueiiily. wiih Hultt.i.iuim> t^l'ililoiii aoiil.s, sumtt.ive tresi 
nieiit iii the uJulioo wiUt snlphuretlod Lydrojfen, umcioou 
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unmonic Ir, nii-l siuuiiDiiif* filtoriii^, wlioit* nm‘.s- 

HUT*, ^\il] vii'iil .1 (vitit.iiiiiiiri (li(> 'vliolo of [}io ulkilioiiwitii 

TliJ'iiKrilr is f. ■1(111 iii ji small iKWCohdii dish, wilh I'.ie 
ftddiliiiji niliij* IW lini-h. ’ ram'nl 

and i;.oiih-d. Tin- r-'iulno U laki'n ii[i wIMi a intlij v iifv (ri-.itiM 
vilh Ji f<‘w iTVrti.ils tiF Oiiilii* and j'i'jnr ev.icn’-tc'd I'ljd 
ijliii'nl. Tli*' alksliui' ijd»‘. a»N' <*>lr.:itiil \nrli '\a!i », uj'd liiu-h-d 
fiii'ai ii\- u'ix.'Mi'sia ii III ‘I (•t:i!>tiii:u di-'L Tin* s<iliit.ii>u 

w iJs'ii v'i<!i an f**'iv-5 ff ]\''dri«-bl.»i jr m-Id. ifftnlod iit 

a Ina ivi,' Tlio r.‘.^,.iuo i‘f llu* wiX'il 

aikahiu' • bki-iib-i. 

Fiiv a-t TUfi L aiiil s’Piilm lioillis; not 

cnnijilif-ly d'js.ii.jM«vd liy,i>id„. L-iwri'U-f* S-nIHiV im-tlio*! U 
pri.( lii'iv iV’Pd. I’ll!,'. i> .IS iollfwv . — Til»»‘ lii‘in 0.5 to i of 
liiit )y ]Hiv;don d miiji'iul, and 'nix, i>) iul>hih<; in tlio morl'ir, 
vilh i.u ei'itd id ummini; nnihhouh'. Tiii.t miy wiLlioigiit 
luui'lt pniv iMliimii (siriM)n.itr, nsin;; a (liiil of ii U> nn^‘ 
out llie luortar. Tr^u.-lin l-i a (iLiuiiinn I'lMi'ild* , au I lionL fyonlly 
OM'i'a rnnnii*n Ihiteit ntiiil tlm amimnuV tliluiM,* id iliHuiupiwil 
{li%T (P ton uiinnto'*), Jkii'.i' tin* lirit to leilm-'i, and nmlinup al 
this IcMijM'riituio for 'iIidiii tliiiiv ijiviiloi-H of an liour. The ciiiciMo 
m.iHt U* lM.'[d oovi.nil. tSool, and t.iri; unt th'* rrifU"' inUi a 4 inch 
eviif-oMtiop dirtli; wash Iho cnicil)I« and cover with diKtilled 
valor, and .‘'dd the wn-'hiiif'ri tti the dish ; dilute lo 60 or So C.C., 
•ud ll••al to li'iliu^i. Filttir and va.di. Ad*i to Uio filtrate alwul 
1.5 griiiu Ilf ainninithim varUiiMtc ; oviifKiratcioalMiiil .]'.r.r.,nnd 
add u liiUi- uion- aminonic RhiUimite and some nontiiaii.. Filter 
into n w(‘i;^h(td |rlatiuuni di h, and cv:t]ioratb (o dryui'HS. « Tieat 
gently, t(i drive <iil' tiio aionjOTiic oMoridc, and iginte to a lili.le 
below mdmw. Cool and weigh. The residuo eonsl^ of the 
nuK'tl alkalino cldoriiieK. 

Soparation of the AlkaU-Motals from each other.— 
■ Soiliuin Hud lithium am AcpRited fri'in the other alkali Tuot.dn liy 
taking odraDhigB <d tho Ailuhility of their ehloriduH in the inv* 
- fence of platinie rldoridc; H..1I from i no.’inothor by the fornifitiou 
of an aliDORt. insoluldu Jiibie pln's|dt:tto on balling with a Rolutiun 
ofeodiuiu phoKplialo in » Hliglitly alkaKne Kolotioii. (Vintn, 
mhidiiiiD, and pnliarJuiu yield iirccipilut^f with platinic <'li< iride, 
which ue somewhat Poluhle, and mni« be precipitated from con- 
flgntratei^ suiiitioiiR. (Sraiiun and mlndniiu are RepantfeJ from 
jpoti^nin by fractionul prer* fitution with pintinnm chloride, 
llieir pi^no^doridi'S, being mb wduhle than that of putaaiiaiu, 
j are preeipitiited first. One Mmdwl jmrt*i of hoilin'f water dis- 
‘ solve 5.18 of tlie potoudum platino'chloride, 0.634 of the nbi' 
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ditini mV., tiinl o 17; ol <u.' tM.-iijim rsiiniKninjl. 

TIk' K'}.ii 'll litliiuiii. »'!i- linn. ;iinl ih wiW 

for. nwini l'» I'liii 'ilu ’li'- < {s-riilj.'ii iT pul.is 

'iinn liniii smliMni i!u* tli-.-iIlr-; iin.V.' A AniumiiiA 
(■ »‘U vl n'j3y til- 1'.;**!! in' iK i*-a )■> 
lilry. Mill ii' i"' Jil !i musiM ll'i- * i»*- 1-i-u «l liy 
; it i* h>in fin {l<-v v.nni j '■•iiiiii ' 

ooiii|vuiii(k Tlwy itijj nui>i v Am<,f v/i* 


h'lIMl 'I. 

NiiVmm is till' t'l. ail* of tU ,.jU0i mi t- i.-. h i- 'l■^llll in 
nai'iie I'liicriy (mii’iir.k i( uMi r! loriu* n- *• i* ‘i ' 

Till- lilltl'T.ll i- t1|4‘ .-<01 iv‘ f>i 'jj ..!.!• . (In' >• • of 

‘imIiiiiu ill v«'>i* !iii Sill PM <xi uitly 

i. idiilt' iN.iN't,) i,i i Inl, .I'jutii M'l .‘IS lu ^'li.usii 

i'.li rr.il', )\ !:}iii ,* \t:'h 'ii 

(iriP*. n't ilo.ifJi’ 0 Vii'.'i ; . .'»! . s iu 

ii. ilrni, 4' I'. S.^.jni ,i.s .,1 . , , ffi.iT' • k ' ii'n iviilrly 

ililii'Mvj. p\. s.iImi.i, , .-'1 M 

Tl't' dt iOii I'l ‘-iiaj: i r.r;. , 11 ! n'.i'i* owin;; I • (Im 
Btjimj I'.’i'u iln N\]t» ii 1.1 lit' lliiiii"; <•11.^, \\li**n • 

^K*^wsl l\v t'*' -fKi-i' di»\'* .V .i'“ ;i.ll> V Ji.io."* 'Jiu* 
vi'iji MO ill'll,' d',- «'l (1 1 IrvI- LiiiiiP •!. \ tlni*. 1 1' 'jii-t o*' liio ^I'Ut 
ihlTurii'ii of s-hlinifi '■ah'?, it ih f 4 !il»»f.n‘ior\ t-i : >|iii‘.H- lltB 
cllliili'k WJiH'li OUlV In* nl Sn* its t-llhH.‘, n'llill* iH.' tlMlion, 

fiisilfiiiiy, Ill'll 111'^, nivi ,1 *1 toil .ill 'I'lii I'liloii'K* uni* 

poKihI Hi n t^Mv wf \v:i(» r '. 4 iili [l•-HlSf;;ulll lui'tmlimo- 
Dinlt', e. wl itn pm'i^iit.iti* ol tin* firu'iniii'l.i';: Mi-iiiim -.iV. 

SriliuiTi Mill ui(‘ ill V .Uc'l oat fiiiDi lrto^t is.nij^tniiils .iTi li'.itti* 
Kicm rthli v^iilrr 01* lU’i.ili* iiriiK lii.'il'iVl** .-ili lU's ini* iKsom. 
poNi) auil llio ulbili loiniuiid by Lin^ r*'tioi' Siiiiili'ii 

luotliul, t^lilri, li.ih jiihl I'li'ij iltM'i'ilns]. 'lliH (,f*»i;in,iion of llie 
(mhUuiii fiDiii ;lif iiiiiisl cl imiili*}! is I'Jlisjlril in tlo follow ing 
»:iy Till* ••Jik'Viilo’i nre din«'i\ifs] in a lillK- nain- aiul Ilu* iniljfr 

tdinii sriMni^fl as pl.iliiuH'Jil'irMi*. niv wilubli* HO*!iiiji; jililiuu- 

ciilin'iilr. \viililln‘ ('\o, ^ nf pLitiin'iii, i*> boilwl, nj'vd wiiili kuL 
plmrii' anil, t'V!i|n r.ileil to diynw”. uiul 4'iinv.’i1. *">11 txti.rlang; 
willi ■wsilfi, liiimii;:. cvii]K>i'.itiiig, tunl R*nliniJi tjnli'luiW 

in li'ft, iiuJ \a vri'ifilusl lo M «1* 


* BaKtlved iolo two vUb a rjirerfol 


li is moiv TTKiiuJ, mill qn-lo as h'.tij.f.-v.tfirj', to i-alniliilo the 
RVigbt of tho wnliiuii uliloiiiU* ly liilFfj'eni'O fiiffli tliut <»f Ibo 
uiixoil I'liluriili's, by subli’ai'liiii; tl^b of tho istliLsciuoi cliloiuilk 
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'which in wpnyti'ly niiiunl. J^or 6x.ibi]»1o» i pium of a rod 
’ pavo— clilon' Id, o.cuofi j^niui. 0.0486 pRUii of jwrfus-ac 
pliitiud-t-Mci i l-. '1 .-t liiHT> in o(juiv:il(Mil to 0.0149 [niIuH' 

ftiiiiu cMori'h'. 

M I .t-*! (.‘Jiliri'ith's . o.oj66 

lii'tliu't ])Oi:i(.».uiii'. cliiorMe . 0.0149 

'iL'flV0h!«otliiiiiLcii)(*i‘ii1o . . o.cny 

Tl»o Ilf rJiflium f'l'fiiili* foumi, 01111111)111*41 hy 0.530.*. 

gii'Ls tin* \\c of (Lr* mkI.i 

CxiAV I MJlTUlC D751 LitMINATTOlT. 

Tli^' vim 11 imcL ou.ii iifi iio oti.'T nie'.it thnti mdimu, 

in in .1 v»n,4h?il pluiimrai »TiU‘ilil« or ilinh. T«i\var«l4 

the tioi-ih Jill ( x<»’ •», ool lufi yri'-i., nf s'Jjiliitrio rvnM ir.!nl‘l*’d, an«l* 
tiif* f« dmlJiiii <l »rrl**r :i K-ii.'U'h titliiij; «»vpr. Tim 

rwiM »■ I' iyiiiiwl tn\r the M«n’j*i|y, 51 fra«:inont of junmonic car- 
lnuiMie U'ii):: .hMihI l<‘iv.nh 1 -f tlie t*inl. Mhrn fijuii-s of ttiiljihiuic 
arid edise to Im* rvi/lveil. Tliip <*u‘'*u»s Hit* removiil of tho eii'ew* 
ol aiut 'Che crii.'ihlo CiHtioil iii the ilesiiwilor, uinl weighed. 
The -uUit'Hio i* Milphite of mnIu :iinl fuiiiaiiwi 43.66 

piT e* :«(. v-ilo (Na,!)), or 32.3" ]h.*i’ eeijl, of mkHiiui [Si). 

VOLTIMETBIC METHODS. 

Thorp sn- v.irioiw m^'tle'iU hmjiI for I he iliirei-eiit oiniij oondp of 
hoiliiiin. There is im one Tiiethial of p>ijfinl npplimtioiL, Thu> 
willi “ coTiiTui 111 salt ' the eiJniiim w iMpiiiuuihI vcihunetrioHlly; 
and the i^mUiuh, nflor doiiiirting for the othor isipuritioii, ih 
€fctilu:iTeil hy •lillerorn'e. 

With Mrtiie wu'lwmle iiml iniintie «kLi, n given weight of thn 
Auii]ile i*« titnitial wiUi KtaniliDul :uidf mi*l the ot^uinileiit of eoda 
VSliiiiated fi-oui t.he 'ilkalinity of the ’^olulinu. 

With Rodium Mulpiiaie. a niodiriention of tbo mihia uiidhod ip 
iiH)i 1 . To a HoluUoij of 3.55 gniiii.s of the redt eontuined in a ludf' 
litre P isk, 250 o,c. 4«f n Kohifiou of Ixiryta water Ik added. ITio 
vuluiue ih miido up h) 500 e.e. with wator. The Koliition k mixed 
Bu«l tilleivd. Half of tin* filtmio ia lyeabiin'd off. in'utfpi with a 
current of eiirlNinic .>eid, iuid th.oi IhuIhI. It ia tniiihl(jrp*il to a 
half litre flu'ik, (UlnUil lo fJw uiark, rlmken up, ariil Jllteral. 
2500.1*. of tile liltnite, repreaen ing a quarter of tlie ttimple taken, 
ih then titnitdi witli atajiduiwi lunil. Tlie Ktiiiid.iiil ii(*id ia made 
by dfliiling 250 cm. of the normal acid to z litre. The cut d 
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!ipM whis! jicilTiplutl liy 2 pives tlie poj'itflif.i;?', A (i-tpmfioa 
nv.iit U iiiiiil-’ t(ni uuti.'nipl Hif I'AcH i>f imimrjh «■ in tlj** Knydi 
AS wi !i .1 . n»-)p-> iTiluT. dI ill (li(‘ pnK-'ss. 'I’i.is i*. '•’ni'll. .iri'l ils 
1 -1 .1'^A‘i'iii’Hiil by an -ut witli j ^raiii: of puro 

htiAiuui sulph.id*. 

KXAMIWATIOW OP OOMMOW SALT. 

Moirtuvi'. - IVaiIi‘ 1* an'l wi iip uf lIh' Mniplfti'iii i 

A •lif.b. Dry m .■■ < 11*1 ov'n for jiu itn-ir . n-l .ilt-r- 

wards lir.ii d. Isjio iMi.*’*-' -or a lianx'U intnuit. Co.!, und 
ViVijill Tl.* li-fi tUiv ihi! WIiii'V. 

Ohlopiiio. -WHi.*!! up two I 1 .K t*r 1 ^-“tirn , 11+ 

''••'m' 111 ICO of (l>'T<,TiUiliP HI-m!.' by *' 

wiJi iii<‘ iinuUrd "il'iT Mini.- i •.»:» if 

jioiA.b ii iuijfnl-'i. Sl\' fVi.Whf*. 

Tuso\’iblti Mattel.— DihPolv of tin* ilt in vutiT 

wiil( ili(‘ I,. l| of I IiiUh liydwicl»/i.«c :v.*ul ’‘IM'-r "ff Uif- 'pli 
TUlfH, •Ml'!’., ;tiid *.’• i' “iJo V'-'i 1’. . ,''0>iL 

IHi.ili* ilic t . SOP C". 

Litno. -T.Le 250 n of in- r unini'inln-.,' ml 

mid ;jMnui..iui!U (vtilati?; wikL, diy, Mid On* pn-iii;*.Mto. 

Imim' O'iiO). 

Ma^nepm. - Pi) Oir tiltratc from Ih** Iiiiiii nl-l pn-i'j'h.ifrf} of 
mfltt, Allxi* t-' s'.md iiluT. Wti-ii nirli dilnu* nniino- 

tih, dry. M"! w(*ij;h sis p^TMjih vpliiii*, 

Saipliurio Oxide. -To t-bo ^^u■^l•..lus; ijoct*. tin- 
f.-oin till* :||| ev.n*,. ,if Uiviuixi < l.l.'iiJo. Cuilnut^ 

Wlisli. dr\. iLOliiP, uud Vli'iL'ii tin liMiiniil 

Sodmm --It is I'v tliJrniTni^', 

Tiio roiisJH'iii}; nuiy bt- Uikm aa :iii (‘Xii’iiiib- ’ - 


M<ii<i 1 arc .... 

■ 0 

' 1 >l' ni.itui . , 

. 0 i>j 

JilfllC 

. u. 10 

ila-MHisin . . • « 

. O'l) 

Pi'Jli>mi t> udde 
t'bl't'bif .... 

. 0 '• I 

. S<. 'A* 

. i'J* > 

(iuiUiLui .... 


iUi-'O 


I'OTASSIUM. 

‘PotiisM’iim w^nirs in nnt urr as olilniidn, in tLi* miooiat sylvino 
.ind nioiv abumtinily oumliirM ^vith miigiipniuir, i hloriile, 
in •AmuHiM iKCUiLgCl,.CJl,0). It ucuuin sa niljute in uitn 
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(KMOj), n> '-ilii'tito in ii fniih as orthocWu (ur 
potsi li li‘! ]iHr» .1* il 'tn n-ii-.j). 

rul.-iK.iiU. j’liujjf . I V ilii3 risTu* 

ffiloil'* til'*') III pMl It, :l‘0 illtir*. Tlu' [HIVMK'I' w) Mrflililll Wlllr' 
iDri-xks IJiit- tliit, ^ii‘. ^hc u.i' r^'i.T.tv mn U* ''iitiiilneil l-y viftv 
iDj» i hi' ll.iii'*' 1 htdn^h y j n** i t.f lil"i- t'l i-'S. ii'V «*1 tbi* 

frji'-i i I’*!, |J .l.uyntt liiu* in uoil uniithi'i* 

in ii.i* villi', llii't*, IiiittCTtr. Ml ii>it L.i'y to ityo^ii'se or 

filrti'ui j. 111. h)i!i.im /‘I. (‘'UMi’i.tiijIiil '« iiiitii.il!- i.f [KilMj-iHuni 

wii* yi>: fii ijill-i.f jiUfi|»ii,i»t vmiIi fiiatimini cJiIoriilo, 

ni.'l I wi'ii!' .tit* i.Mi lLi‘ tui'trtic ol For 

tiuM li-i'- 1 '.. Aiiij.ifii *h lui-t iii-iiti-aj. 'IT.iav tiTiH !vn> only 
np]i!i(.il !•’ 'i tl.o ‘ik-(-1i(.t (A (Onipiiitul* L-tht't tbaii tLo^iO uf potua- 
feium oi.tl tNiiiivu 


GllAVJMfTIllC DTlTJiEMlNATIOir. 

TLi^ ;in>>. !-• t-iM'fS fw j.' i((‘iia''i<!on fn in wMliinn. T^ikr 

I (.1 li) • Viiii^il P 1 ..I ih'KiiIrii ii ih t,t) (‘\’?ijx>riliii!' ilihh uilli 

5c t.v tl ufifr. Ai.-lily w-itJi by.inKliloin; ;wmI in (jimntily 
'fciiliji ii i.t <i; .l»' inci.i'-. Ml }'«• ml .IN rl.ltivi.luf-) If. luuki ii acid. 
or.il 'ili.r ..‘'iil-t mi< lo at. i-u.’li (juuntiiy ha wiii 

pn.ij'.u I'll- •Kj'.iY..!t*-it Ilf dili/iui. Add in’.inih of jilnrinum^ 
iij ^4^..fil'li .'u. iiLi.iinru td.l.irule, and ev.ijn'v.tin on a w.-iloi Itath 
to a btiM' jM.dr. I'ul intt <o d») Mi istiMi with it fi'w tlropa of 
JiblijiK cl.'i.ri.l*. KiiolK.ii TRitlioji biKikiiiL^ up thy poslo by 
srirnii^. i.'ovir v.iih so f.r. oi’ hlnu»j> ulcoiiol, jinJ winUi the 
ct.v-l:.K h.. inu 4 ']» lui jHi..' il.lr ixiUiluijj tl.p dish Mlnw to 
fcllli' l-ir .t Iv'W itMi.a-iiw. .ii.d d.vaj.t thri iii'h a illUr. V^’-udi in 
tin- i..;'.ir w.iv hvovr thm- iIIhin iinlil tin* ndiuu' of ILo tiJiralo 
bhoiv.. tim' iJ'M‘Vis. « Ilf III plitiiiuii) chliJiido hmhI ir iriiiuvod. 
Wai'lillu* pii-ri[iil!iU- vtu'to iby I'llltT wilh a ji'l of .jlpuliol from 
tlu* vjisli-hiiuli' ; I'lwin the llliu |«.*.]r‘r, u.In;/ rw lit.de !i]r«.bol as 
po^rihk. hry in llio vrloi uicu lur rdi Lour. Ltiudi tiiu pns 
ci|Mtiit(' iiitfi a ni-jbl.id dkl., :ind wyij.'Ji it. Jt is )ii>l:ihf.iiiuj 
plaliinM'ldiiruh' .ind contiiiiiM it..03 prr youl. of jmtart- 

einni. or 30.56 ik*i cotiI. ol jv»taaMim cliltnide ^KCJ), wbicb is 
( 4 piiuih ni to 19.3 |st tviii, of jOiahb (Kd*). 

If tliii lUii-i iMijiHi- is nutfnv from priv-iputito, bnni it and 
sri'amlcly. Tin* i-snvt of weifflit oy-T lii:il of I lie nKii vill be 
dne to 1'lHl.innm and p'.ti..sMc ddoiide (l*i ai d 2KCI). Tliu mul- 
tiplied b) 1,413 uill give lilt wciglil of ibo jiota.-^sic plntino- 
^lorido from irliicb it iviis I iidchI. It must be added to tbe 
weiglit of ^bo 'utdn prcci]>itati 

I'be milt'd alknliiio ciduiidee obtained in tbe ubuul oouna of 
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jii.;)'.si. prf* h-' in k..imm-; ll:** of t»latinmn * 

ml-ti'l M'j'!, Iv liiitL-' •ar.k'l. jw tlin uilxpJ cLluridcf ' 




VOLIJWrETRlC SlBTllORS. 

IV'j’ aiv ll»' K.iu-11 tih •’ It!. •!' 

EydiViiiminri of Comniort kl CujDmiiiU> ol* Polfl‘:b.— 
Till' iin»i >ui.' ' I Ik* >i*' inoif.' 'im rtlir.i, nii'i ii-«o- 

Iiilili* r h>i(| 'ii.iic* '•s'lil*', Jinii cmi'i' nt inn. 'I'iic. o 

(li irriMi'ijih'.ii.' i" I'; i-pTrlln 'li*-rrl"ii uiiili>r llir "Jkitiui- 
itf ivnii-wi' 

'IJir p^iabiiiitiu it ii.l-it tilj’u»ri(le . 

iukI nnli 'Ul'-n*'** juH «Ip j-nlioil. 

A\uilubk' Alkiia.— uji 2.5..^ ■ i.-n.- rf i*p 

I', \, »M -1*1 u|' V r }. T-iU* 5' c.i'., u-it 

Vfilll jWvh /1 Sli'i* I« 'il'l' ll'« lioi'.-iii! 'oliltN'il mJ 

IT«* iv, n. 1 1 •..nil *'\ 2 fOii Uic- of I 

nv.iiif'Mi’ ’ iJ. l! • 4 'i III '«i ' i.» ]k*. i 'L • K ' 

Soda, -'ll.' i- •"'iTil-i* . ii'iiiii'.ly 'iit l.jlIiA'ip" wiiy;— 
llu* ikfi I’.M iv.jnlivl f.-r .miii- 

Miili li'f dii'iiiie •uii M‘l,m..i!i* umiI.i (rtisciiL, finil 
(iilnil.itf till* n'li'iiii.ilpr la |K»t i-b T la* ujiiMin* Mirjihw 

of in.iilaitl** .ilk'Ji j'.llii i.ie.i.'Utu i>f tlia ,oii 1 

Carbon I>ioiido. Tlio cosoi uciil ti'-'il io Uio av.(iliilil(>iLlk:ili 
di'ifimiiiiLiioii, L'u)ti|>liiil t>y 2.2 and div'idt'd by 2.J5, gin's liie 
IK'Jvviil.igr of ('cU'IwUi <h.>xi>la 

UTiiira. 

fjlliLi, llio oxidoof lllliiini' rHiiirsiii of 3 or 4 

per iiMit. lu v..i'ioiis mHiiiI. *, Midi as lepiilalitc ^or litiiiii-uibiiV 
i^iodiujiriii*, i’.inl jH l.ilde. li..ilM><'inii' 7 »ar>^,]iosjilmli'.in tiijiliylina 

It i*' I. I'on'-iitiinit of llio wafer of n'linin iniiu'r.il spi'ings, A 
ul \Viii>'.iI ClilTuiu oouiaiucl as umcli us 037.' gniin of 
lithiiibi rliloiiiio jut iiivn. In wiisill ijiiantiiits bll.iii iii very 
widrly dilliKut, 

'ilio Detection of litJiia u roudcifd ^i-iy by llio sjicctnoscojio; - 
its fjKX'trmii sliowM a i-cst line lying nUnl loidw.iy between the.' 
yi'linw wkIiuih line iimI tli** nsl one of |k '.^<* 111111. Jt uIai bliowft’^ 
It riiiiit yt ibiw line. Tlie ( dour of tlu ilaniu (11 ciunroii)!". duuM* 
U'iihiic. 

The mictions of the litliiuin (omjiciinds lie Mwooii ihoKO of 
tlic ‘ilkidiis .iiid of tbe jlkiilihe earlu ifcliilJoiLs i.pp not pre- 
lipiLulvd by uuUiTu: acid nor by pUtliiuu cblurida The oxide k 
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■.slowly Ml u.’il. Ti..' r.il-iil..iU> In I'Ol fitvl}' xjlnblt‘. 

>■ ii. 5 •‘•■'y I I'lviiiii ‘i.j ).> ..kki* ji| ik-j Jmm , (-»] ii'mlly in 
hot idkiibiio 

lu im Lii*; s'jrTilijji' (Mfijilrj* o‘>;, iii 

tlio r«i 'll' ;l.i, <ii\‘ i m 'irv. m -c*! iVnii in 

Aklii 5- ii'ld' il ii. Kl{f.]|f. I'.i-. I .. .Iir.i liji* , Ji'n'ij. f ■•‘‘il «lili 

I'lii- lit r. T li!'. is. Wju-I. '.<1 *'■ ilijiHifS .iiul 

llAli'iUV'd vill. IkU li-j I J.il TJi»> 

PKiiliii- .I'li.t!. rii',1 In „ ii'L. . iliiiii. ai,<l wvj^'luil, 

Tlli' .t" »' !'l 5 rtHil OitiUiius 

3S.S I rl t *i(^. .■! I'.” i ! .-i'Uli »*l lii'.l'j fliiiii 

is '.I'wi Im i'.( ii< ■. I .ii Wi.liiij 111 Mii.runiiln 

e'v!i;i*»»' .'ic' II' .‘.I uloii i.Mi iv,!*'. (.f Mul.k On 

i'« I'—’.n lnnii iij.Milvt' t‘U< :iii(l ih 

iIkx'ju'I.c •' >” J'l' ill. »•:•»*. {i,.. iiui.ilrd , n*-. .*1 u.ilrr 'iifsolve, 

all lln- "I'tr.. i\ t< 'i,j vT ,inn , .'..i. ja,>;.s >f liiliinm r.iilNin.'ite 

I.. .■ ,• I'.il Is .iljinj.tiuwjliiblfiu ilio 
tlnsciii*#' Ml c..jii*»n liiiiAiili- ».!•* '.mu .'iliK. 

llio r\iu or im ‘i.i •• O' -s fiunul avniri.itnl with 

lilltiii III l^•^'"^llil‘ A,., rn.'l, ’'.''l•l’ I* w'i'i nili'.lim*', in lu.iuv 
w<iJ- J’b.* ii.:in- d |l•*i»^K 1. .lly , 1 . i<ihV.ili‘ of 

filiii'iltii fiii'i iMiuliMi ;j.n |n‘i (vlm. i.| ilu» I itin 

OL\]ili'. 

^‘•.l‘.i^^>ll i,. I* ‘1 ilciV't'd lii <!•'• sjH<i'rr..MS‘|h', its spirinim 

Ihoii;: I'liiiia t-'i’i'Ml Jiy two i'.UiH ’b ill!* I.hu* iiiul om- i>' iJn- ml ; 
tin* J.'iTiiT ir .(iioi.l iui>l.\.iy iH>fwivn iho Inlnoni uni; ^Mliiiin 
liLi'h. 

If not iloiii''!'*! by flu {i«’l.'tihrt>jii\ ov sjncinliy lookiil for, 
raoHUi wi'i.jil, in llio oi*i!iii.,iy rl■.’^,• of woik, Im* M’jniintisl w'itl) 
tbo |K>(rtsli oiitl w'l’i^lif'I luji: jil.i'iiH oliloriiU'. 

(.ijii'si.a is sc’imiMt'sl fi'iin ir! I In- oHiCv nlk.iluiK In' .uliliujf to the 
ai-iil N'liilioii of iho niixi'il diloiiu’/i n ^h■»‘n^ly ucitl cold koIuHmh 
of aniiuioiiioiis i-Iikiu.I'. Ti.c n.iM n-.il luiist Im* liyluM-lilnnc. 
TJio nwHiniii is pii »n a wli.n- (rplallim |iiwniii:ito 

’ wliidi ih lilt<jis] iitr. »im 1 w:i!lii'(], wlnii n;!d, with 

rtniDj.* ljydr>icliiojK' III id : fdmo It i.'s di'rom|ttifnl lij w hut or on 
'wanotiiK. Tin* ]ins i|-It.ilo is wuslu*!] iiiU» ii U’.iker, luid tmitpil 
willi Md|iliurfliii] livdiogfii ; afier lliU'iinL' oil’ the nulpliide of 
afjliiuoiiy, thu Mjlution Itsiv^ on e\'H[>oi'utujn, the ouaiiim u 

flhlfiridflL 



340 


mr-BOOK Off ASRiTna 


IM r.lhTHM. 

Finliiiliinii Av'ulrlv in ii'itiiw*, l>\i< in v(^ry Rmall 

Ji. i^ wn* t.il'.y ,i v.iU> •■nrHnMi 

It ilHnUtl H tl.4 ji'-rni -N-j**, njiiMi sliow , linw 

(iiLiI f\s() ct.irli ri-f] iifM .. I.i'i.i ( ,r-i'iiii. t*. v pu'('i;>itiii>'ii ^\iih 
il.lt rill. . .ii-il i: Ihr uf w'tL wi.tild W 

wi'i'tlml .I,' jm'T.i 'Jiiin. ii i' ‘.i fnn»; jmi.'ivMiiju it^ fni-- 

iiminl u'iih I'h i l'l> llnMilimu jtliiliinr 

cliloridf i.'i mncli Ic-'-s miIiiIiIi liuiii ill** p iL(n<-iuuj f.-ilti. 

It w u*uii( t'l li.f ‘mIJs of -ni » .i* t>,i a 

ctnij|iiiinirl v d'c. ! fXd^- v i..Ji ii- w, -uy n j:n-L'!' 

tlt(‘ I 'it",!' o| :li< ‘i!l.Llk'i>, jii .hi !]• ii.ilitit* .IS 

unli.niii- III si! . uiLihi'i..! i iii.'j'C'ji.ino 

(Aiiy'^n^). *1 j^tv j\.!« \ \n*A!,. I'»» '.Ii til 

TOiiliiinihi: ill ihi'tni n*j »-'V . fUil iti .'.ii!!*. f* ti'I'oi in 
wJiMi'it ilktrid.. O’ ‘•OtVi'n! MAh Auiuioni'i .md 

ainun'iiiiim iwrMi hi Jii'Wrtlri».»livtti«h!TiM;iijVi;..’K'iiJi, 

nliii'li fin* woiktHi f<.r tit* In’r.Ki- .wid llu'y . i nl-.in Tlh’ 
crude Ikwic urid fimii tliw ^ollrlv I'liiifiiiii-- limi! 5 ht 10 jior 
«*nt.. of itiumoiiliiiji suHm 11 is fn-in tluj-j- lint ilio pnvr furuui 
of nmnuihluiii <tiiii|nrtii.‘ls of wniJiMW’ known ii.'* ‘ fioiu 4f<ikMiik 
QiiiMoniu *’ ,iiv i!*'vlvi'ti Uul tin hulk uf tin* iuimit'mi of ixau- 
nwivu is jin-fviusl fj.i’ri iJu’ iihihi-'ro’ichl (ini'i'i-'. ol lniihii ;is byc- 
pnului’ts in tin- vmliiupof <vriiui» fonus of tilsisi lum.ic-s a-.d 
coko ovti.rt and lu.m' l•K|».^illlly in pas-usikinp 
Anminni:i lurdly coiiiti w’tliin llu* ohjiils of iiiVkiiinp; but it 
IB larpcly list'd in Ibo l.diontonf, urul I lie is nut uu- 

friijneiidy iMl.'od on to dtlcnninr' iK AioinniJuUi sills »if nufrtJy 
soluble in iviib-r. In strong txilntjons ibey i:i\f !i jellow pi-o- 
dpitiile of iin.n'onitiiti jdalino (liiiii’i.js on i.1u> iitMiijiiu of dilonMe 
uf plitiniHii; t.r.d with tbf- :u*:d iorlMlc of .'•oibi yi<‘t<] awhitn 
jiTPclpiliiiti' of hyiiiii. t.irniiiiuic l.uh-itu. 'l'hi*to nnciionB nre 
umilar lu tlnwi pimhoMHi witli pot.i.ssiiiin r‘um{H>Mn U 

llttilitd with Ji Imm’. sucdi ]ih lim* or r -.ii-; l.ydviuj, iiimuonium 
suits am dccouijHisc'l, yioldiop iimiHOida ^ « N ) J j). wliicb is rtMdily 
Kolable in water. TIic sibitiou of li'vi sidAst.iucfi ia Loown ui 
idumonic hyib'.ite nr '* ninuniiua.'' 

1^17 are voiuJiilisod on ipnitiimj ofl.luT witli, o>* witbouf, 
oonilKKUtion ftcconUu); loibo arid lu-T^'in. TIuk fart ia .d impoHs 
tnee in uiialyiioal wurk ; suiou it allows of ilu ut» of idkpJdnc 





nlntioDS and rrafroniR «‘hir'}> lf«\e lieliiii'l on 

li ina.<t V' miji'iiilx-nH), kouvri'r, niiiiiionirclilondv 

ifi Tfllntili*, it tiiiUK't U* ^ iu llie pi-CMiiit uf snUi-unonb 

wliicli fttnii vol.»'ik' iliNi-kv. willioul li'.-s ^il tiii* For 

o\;uii|ili‘ . iriTo i>xi'U‘ jik) {‘I'li.in-a -iK* i?* i<* I. .■ ■ 

cliliMid'''- ; lUiiJ lliH*' »iiv 4ii?u' i-ll.t" I ni|)i {rjuiul I;, niinii'tpic 
riiH'U.!'"' '\ltic!i on li •.■•in*; t*> ii ti'i .-HUl-r ivilij.'tinji 
Tin- i»r .inifionu ili! rido in «•;•!**'? jtni .• m.> nvniili'J. 

Drli'iliiii. (‘in'.jhML'ul"* of aiiMiiouiitn im* fJi .(t+fl liy tlicir 
cvolnii;; ■ .I'U'ni'u tui.xoi) hi'.Ii mivi.i ilic srmiiiar 

Tl f i** 1 il li\ U- «>lMnr, liy lies wlkalii.e 

i.-.u’li 'h fihi'n.-t jK-U'i- :i n) hy yii li’I.i./ imiH's, ivlifii 

I'XHiohi ill vviik !in*iin« ‘til <. Itt tni. ('!■’ tlio nso 

rtl ini.Mioni'Ui! N»h-‘’ ..n ■ .‘iiiu.. »iiM a> rcvjiih, i' i- ^n 

ifi.iki M (•>! r.i| lojil ^ ot in 

tlu oiilIi'<n Minr.-<o i-f uotk ii \.i!J U* “ l'»-t on ••/mlioii." TJjo 
')’» IrP*' U* ' Iilmhi <*i> the niotlioii 

loi ill hn*. iu‘|i. 

Solution and S-^ittmtion,— AlDH-ijrh ju'.pk tiiiiin Nilt^ niv 
iolulilt ni ■! tiu'ii* L iw» nwr'Mty lur tJjcm. TIiB 

n»M|aiiMiil < 1 * 1 . 1 ilio fnu- 
ii'uni .1 IS ’>•) l.‘'i V.11I1 ill! alkaline 
Milu'ini'; Mu* liNiv.tf I iiio- 
ni<iiiL‘i I aiio KMaifti}, 

'lilt' Is i< lunl ('lit h::ri 

a (lask i,f !ith»')t 2(0 Oa*.. 

Tin* ^ I'K. -s] vill- a riikki 
Cdik ihM'foi il*«l iiM'tiii} .1 20 c.e. 

]ii;H‘itii iiuil .‘I ••\jt iulio. 

Till' V'tiur is (niiiu-ml .itli n 
lii‘ri\i‘r, vliirli is a si-ia’’ (l:i k 
eoiii.imiTi-^ (liliile 
ai'iil (fii'. 61). Till* llaxk 
iin; tlir aulislain’o is coiiivl, und 
llie p-iiiter 11.111. of ♦fit* wmIh sola- JP^o. 61. 

tinii in run in fn.iii tke |d|ii>(l«. 

Tbn holulion is tliPii iHiilnl. 'I'll., uinnnniia volit.ni-'cn, anA is 
tiiiriisl imr into tlie liyilroi 10 arid, wilh wliit-li it t-ouiIJuis to 
form nmmouic cliloride. The dwlillation ix tairriLil on p*iiilv antil 
tbe bulk of ilio ]i<iiud is drivoii over. 'Die iiiniiioiim in the 
reooitor will be nnxod only with tin* oxooh* uf Lydnvliloi'ic odd. 
Tbix (H‘p.iratioi] h ntifd in nil di :.eniiiu:itio?ia 

* Amiiioaiiun oom]ioaiiilri iirv MCfiucully { ikiIucmI when disholving 

ouAiilh iu mtiie acM; « wiitai uiiates are m the pcwwwe of Uw 




342 


TlXT-nOOK Of ABBXfJKQ, 


CriAVrUFETIUO PETEPMTNmOir. 

11 ’t* nmli'iiK tir IM 'U.\ ;i'"' iiaii'.iencwl v>ji wfi'jItfHl 

nu<l ov.iiK'i.ii.".! ua t'.tMv.ii'i’* .l',. H in mii*! Itie 
Hi'iJtt ih Hiii-i-'iii. T‘ '• ih’i'i-i.i .1 .'i.t'ii "iiiiiu iviiiiiliin .IS a 
Vk!.iH' lUMr.^ vJiK'li, '.i'l'" I*!. :i •' 'I 1* uv is V.' Jl 

(•(‘I' '»f 'll .!%■>:’ a.i V Mi, i iiV 31 |*iTi«'ul. 

ol jiTii'iiiriUMjN Hj*. “ii ln'.ln'j* i “I li.t' '.iiIJjh* H ui 

wimpi 'f-fly Uiviii-r »•* n -nl*iv. 

VOLtrMETDIC J \T 1 CK. 

VYoiirli u]» j,; fii.im iA -i,. I i-U ** u.i* ll-i.-t 

oil c, ■ "i' ii»‘‘ iin’M’jl s .’I'.f i'*> • •. * u' . r Mivtn in 

tlw* -m ! Wll'i'o vii* .Mi • "I- I M. rl -A., I. Ifiii! ill 

thi’i/M/.. <I(«i /J*y (.|V’ :!•. *'i . 1 o . t ..f , 

MtIuliiijlL <<1 O'l.i. IK'il I'litll !• ‘ . (.• miMj.. . f I 

ll'.on !i 

till* I|i'l ..»J^ :if <■ \ ill' » ' . M''" 

Hu* iCI'I *• :i*i r • >11. 1 m n* 

till' i'.i' of tlir ‘’JuLili’ f-'.-'ri.i;! »j-' ’v 'Ml iri^i 

th*' ^0 Till' il.nai'U'i* iMiI ,;i\i ii.i jiii.ilii ff I'l* of llif 

DuniMl iii'M m.Imim)! i ].\ i;<.' siiiMi'Mi.i., .ii.ijifl osH'. 

I'iiU'll I'C ol ‘ a-mr' Iii‘ itJ'.i'J • 'I, Ji!*’* MUl' 1 JK I' ••{•111, of 

amtiMiiii m ilio If il-* >0 ..li,. .ij. lo j os 

ruiuponiiiii., i.S {.T-iii.. ‘A t'i»' ■» •i*!i I ■ Ih 1. M •! , 1 nf 1.5 

COLOETlIlE'niJC DE'rj-JIMlW.WOM. 

'nn- i 1 'J ** i»M.;pui. Mlui-Ii «.t»'iliisa 

luiiwii (fil'tiir mill fj-ii/'.n oi a)iinM)ui:i,<>v<-» \.>i)iit few Inin'li-oilLlib 

(li a uiIbf.T;iiii 111 ]oc» i‘.r. fif li(jiU'J, Wiili ij^iUdiT'tics of 
iiiiiiiiiiui.i iii-'viijic.fe, TK:-.m- T"! jst sfroii^-h' 

iilk.-JiiiM h* iiiii.iii (■♦' ■irir i*i.h*Ii- ; ninl isilnih niiuia:— 
Sf'H'd rsnJti'iw : lii-.iilw 17 'MinnH nf iiionoric rlil'»fiil(; io 
30001*. of wiiHi ; .nM il:r ji. oi:c of :;5 p'ainn oi 

|xil.'ihhiiiin 111 I'x? V ■*. of tt.'iier u ,’ll ]iMUfiiniout' {ui^ipilaie 

18 pnitluml. rJi'Ui oi'pii.!.!. Ill'll*!. IiiM^ Tiii'ii 'rnke up 10 A 
iiif" liV aildiii;; .a 20 |rfi' cs iii. iC'Miii m uf \ (.r"f b. Add Uhir* of 

lliH *ncr(«iric cjiJonM*' (rt liM.* nt .1 n;.!*-) M.iii h [ojiu^in*nt pre- 
vipituie 18 u^tiiii forn.oiL Allow lo ii.>i.{o, ibx-iiiii, and uw the 
(••c ir liijiioi*. Ji'our or live r.r !«\» ii* t-i loi laah 100 c.a uf Ko-iid to 
be •■■fr!#''!. 

•1 .■ 4 -tWi'rJ AWtt/fim •// i/uul« liy dwiolroif J.jilf 
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of ainininiit* cItWtdo in x\;iif.r, mihI ililu'iti" to loo i-(- 
C.P. of iliis ifct.ikmi :iu«i ilPine.! U) i hii-. (Ji.oc.c, font!, ins 
■3.0J of mr. •, ,ni., (XH 

■ Jn \^Mj] ihf sojittiofi tlin i n- -1 if, , 

u.lmiio. .n,.i to s-n-l. kviojI i'..< i; ■ <,t j,. .n 
ocnraii. uinri- ti'-.u .m.2 1.1 n\^ „l . , . 

rfil .m- Inu l.!r.-.Uo:, p] ... .„i.; 2“,.’. f 

, >fh.-lfJ S ivat- lit Til.' 1^ ,,ou*il, a,.ii ,1 i',. fj-, 

to tllO .lill'.l.ll. lit’ .Ul-in-.l,,;. It hi'llril.s. A sjlMl.lilv t\\ 

Uh- rl.iij l.ii I ...I'lii. n:.i, jinL.|.l lo (.'i.t.iiii alHH.i .. i,|i (j‘, .oiirn.'-a,,, 
•MiM ir. -„.v,i..t!Kn ii,!.. 1,, 

ailliM'il ti. nun W/.lfl, vi'.li J !■,■ ‘ f" 

AHm f or ivni, thoniiUT' iV I}-,. ' , h- 

arf ioi„,u .'I ir Uie {-..u ,.u. ih,. ' i.'t 

11 r.1 :iL;(l is v.i'„..r 01 ,i,^. 

sum nni'..n mot,, or I ,s , 1 ^ i;„. m. m-.y l,p 

• nuM 1 m. pjMrt!,.,! „m| tl„. «ss,.v Tno Vori! 

joti4-niun.t|_.s ill 1 • .ut.Viir,. ; ),nt, jf i^ot, „ H.m,) 

Wf iniiai- Tl.'' .>.*(( 11 . on of t.u h'fUi.I,.,.! ;,^■nn•,n].l In lln'‘'i.l»ii.ion 
tottjiifl. Mu -iN 1..1.S U.oudii.,) .Ih.. uou-ivca 

Willsf.l -ifl V !«■ .III.'. 


Wll.T. tlioji.uijMmiH in 50. »..'s 

nholf i. (oVmriii.Hl HUtlhlo )i,ui*i|ili.vit|ni,. ]}y 

ic, for I Aiinpla, ,1 tue bu!!* 5ro im-.,,.!- l,v ?o if it w.,s a 
Hli-Mllcl WJ.IfV Li UKhI n|iou..l.ilu\ It iiutst Ih. fiv-o fi-oiu 
womonw, luij ^ laM- j'*oti.uvKl by *ii.s*iJ{ihg tm luruiouLi-fwo 
1 |aiug 



PAIIT I]J.-NON-'MKTALH. 


CHAVi I- li XV. 

OXYGF.79 AMD 0XID£8 - J£ALj'aj:r<S* 

OrvT.Kh tn iitit nt liJiv i-i’ pri' » riit. bjj 

<H "I in ' 'I t) •’! . 

t :• pjs, ii j'i*'- » f- i. ' .' „i'./.' '» j M' iC'ii •iii%' urnier 

fsliniati,]. I;-'* I i:. vVV., tlw 

is >'i‘i tiili ii null'll up'.' iiot.'iiii-i c ,1 'ji' iJii ‘y, <»it i] 

foims o?ii' Mt liis nr'ywt*:, , r^l ‘l»"iv .'1 ftiHH 

wliero ]i<* (MWKit f i«> jtn 'Ki':'. I', ucn 

ohly iu tin* air, !'Ut .•I'H* in ysmivT : m'-I'iij.w *■ .>t( r- f-jn 

tiUDiiii' (III oil uWi .;rt‘ o.oa''’Ji5 jki tnut. 1 j) 'i* o.*'''; jitirti 

la-r loo.ccc, 

(TiuTiiiinillv, j'' «'li»i*ui‘i.Ti!-c(i J'V itp powi'r • i t‘>'Tjl«iiiiiij, i ppe 
riftliy at lii .li with Ihi* olla-v ckijioMl fi riiiiii» ai 

iujiortniit of niiiKt. Tiii^ fiiipij nation 

'wit.-ii Tujijtl, iri ly tl'e ol uiiil ’.iiai 

li(‘i»i’i* nxv^'on In L'"in'j'atiy ^-alh *1 thi* i!up|>»iiicr if r.-uilmhUon 
ITiip I'ltii.i-iiy ir takomnlvantii^v of iu tlio (‘f calfiiiin^ 

nijn'lluip, A*c. Tb-' h>i|iort!iiwv of u fnv af-cos?. of ai 
ill all Mu Ji wiirk i;. K-cn nWn it ih nuh uilioiv ,t thsit j hiiv of uc 
0.2075 tiuiu cf oxygon, hikI tbi^ Avill 01 h 

OJQiliHu 0.1 115 ijnjiu ••( cuiixiu, o.sy75 ^'mui uf suJpJuir, ov 3.8^; 
gnuuB of l('.i<{ 

(hiiilatioi] tnk<fl jiliuf nt tho ortllnnn u-i!i]*tT-i(tu)'o with man; 
FuiiblHiJi'cs. ]‘li(vni]ilfK j.f piu'li •K'tioi' .If Mvo ill tho wcuili^iinj 
rif pyriUv, of ir(<n, nml (iutlir iu^.{iy ot'.kv'i ibt wcakuninj 

of NolutioiiH of iiiajiy iulnviiig njp i.M. 

For uiullifxlp of doti'iiujuuij: ^lio i[K rfninp* of in giMOit 
for tochniral pur}K)^('^(, the Htu:l-nt is AVinkler.^ 

Lun{;e*M " Tedinicftl iian Analjab.” '* ^ 



OXIDIS* 


OXIDKS. 

(hJili % .t in ; ../it'-, .ill tlic rfin’ii')«h norur 

lUi ■ 'hi !v.« ^ ill;' lA-'li" Ji!. \V\u*f (JI,0) I* -iif.-iijiN jiiir 

Jiui-, .t,*t * UienlUr «h+ 1 h 

•fc'* '.'’ulivi, ..lid ilp' •■M* un of (ln‘ •i“:vi«r lui^U-t I i,h‘Jij iiKiuy «u<oa 
on ; »-- fof t’vn:i,v‘. o-i.-dlonl.* Lriii-ilito 

([*'<■ '),} pri'-i, -ili • ...r! |i\jo:iyi?0 (UuO.i. ' In llm 

1.9-!-n!iii- ■! mill •» il o.v.*' » ■ .l.'ii* to <iio Ptii’**! i>r oxi'jx*i» it am* 
ill' 1 nifiv r. 1.U oi'y of oTv>,'i*fj lu'h' i- llutu of 

mil'.' Ill r. 

Mi.'i. of ■ ' I' tij' r i„,f| !.f 'i^} rmJij... ■, fn aji'^ 

I'Jv* liii'i' l.o''- 'lir J'l-'lV Mid Wl!l‘ 'H* (if I In' lii»at- 

inj' In* jiiiiii'i .'j '•.»nv»‘if"d irNi, Tlii'' fiiiilo 

wii'- foiijiTty •: ■•(iIa,” ui> 1 il'*? ioijj; Ihtu known to 

»f*i'.'}i UK?i' tii.u :hi* ‘io])vliicn it va'? ool.-iinttl. For 
oxiiirii-ii'. oiu* ;•!.!•♦ Iiyi.'l, '.i o* nii on I'.'loniiiij, 1.271 

i iMits of ij'.I* .| i.tiv }Kf"'i *1 > Tji.‘ ..tn'ld'l, will .Jiiml'II to try 
tlji '.i.i'M* n.j I. {•'•inui O’ •' T.iuO 2.* iji ini. of tjh ninl I.etl tlioiu 
in .'I lu iitji 11I4 a «-*i i *1 'j.ij Mil* !'‘,k tin* 'liiwp a*' ii forms. ami 
' ismi fill. ioii .itlil th«! i\Jii>ii‘of till' ii.i'ti'I L' liurnt lo 
a v M' ' »•«•. 's In iiTiv.i'ni) in w. jj'ln.* T.iLe iMtv <0 

niuil a. 'll. ".non 'oi.l. .'riMi/u i'«, <mtJo Tin* oxiJi* 

• riion’.i III J.i toaiii. , ivln n incJCi'M* ki Mn’^ditiis Jiio Ui (iio 
II .■jo'-Ih I fnim t«it> a*r ooujliiiMtl willi llio mdal, Tt 
. (WM In imIih’i iK'iJ frvu liiw i'.V|K-nmeu(i iif tlicre Im Ut-n no loss) 
lifi coiit.nii. 21,33 jifr lint, of oiy;fou n-il 78(17 
' jK'r f'lit. (if lilt, Oi'ditl-" Li [ip}fonru‘.i willi ^{n'.ilLT (iiivpui- 
. emv by w« {. mi’i}i..il-., iwo.^ Twiaenrs, siiclx .*1.% nhiiV. *awd, 
wJnVIi oimlwn a Lirjc of cM-^roii ItHwoly hi'lil, Sui-h 

rwipiii'h MV UTnit'.I O'liiiMii^ Mfjvnt*.. Ik-sidi-s uilrir ui'iil, 
|M:rmiitii,'au..M} of iiobu.Ii, liioim.iiiyfo of |>otjsli, ,ind iiei-iixide of 
.a^ro^'cn iin* Lu);*»1y n'jrxl for this puifiofio. t bmc.r. of nitric 
irkl conlainK w inucb oxycPti as 2.56 LtiTh of air, .and tlu* 
ffronlw part 'if tlil.s ig uvaitiblo fur 'ixidl Jii;( pui'jiniii.it. Try 
^tiie fi.iloiriritj wiipiimont;— i'like 2 fTsms of lin and corar in a 
BeiHii didi with 70 c<*. «f diluto nitric iu*iu, heat fill 
f'dflcoDJiWMi'l, mponlf lo diym-se, i^rtiito. and v.rifili. 'The 
gmiM of till should yield 2.5,12 of oridi. fbo in- 

in uoijrbt wiil be {n’o^ifirtioiudiy iAe dpm« aa in tho ][irB\iou!i 
jrinieiil 1 ^ tsilria*it.i*m, ni.d is due to oxygen, wliiuh iii thia 
9 hik'i Immoi ilerivi'd from the ii’tric acul. 

jp* TMa will n»anlm iwo or tlireo jours to IliormiBhlT etanricta It h 
to powder U'l* -MLide Jin.1 iirodi^-d, und irtmldne. 

Y. 
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The pcrnnttn^ of oxygon in tliw oxide of tin (or in any of 1 M 
oxidrs of tliH hoavier melulft} may be diroctly dclemiined by hem 
ihg KUtib o^illLs III a canvot of hydrogen, and ooUoutdng alii 
weighing the wuu*r fonui'd. j 

Jt is found )•}' ox|iioiiuont that 88.86 wi'ight ctf oz^'gedj 

uonduiiingwith 1 1,14 }kiHi of iivili'Ogen, 6>m loo piida of watorf 
w> t-Lit- fi'Dui the xvoighb of wider foiniMl it j<! tiasy to ealcnleta 
Uie flinoiint of oxyinm tiio oxidi^ i'uuluirii‘<h 
Tako 1 gmni of I ho diiitl uml powdeml oxide and pLuv it in a 
Aiirm dry ooiiiluiMiou iuho. PU'O tho lidie in a furti.tre, and 
coiiiipot id oiju end with h hydrogui upland ib luuvidisl with li 
sulphui'iic Aoicl bulb for drying the gns, nnd tii tho oilier witli a 
weigheil tiidphimc nt'id tnbe f(<r fiUt'cting the wnu-r formedi 
The npjviniiud roquiied u iiliowu in fig. 62. liydiogun 

Uimugh thu apjjnrulius and, nh'-ii iiio air Inti lutm ele.ired ont^ 

Fiu. 62, 



light tho fnrT(.ico. tknilLine the hont and nirreut of hydroj^ 
for half an hour (or longer, if nemwiiy). Allow to rool, Dmi 
a nim.iit of diy ah’ throngb tb- w*ighod tnlx*. Weigh. Thi 
iui'ix’uso in weight gives the ainoiiri of wider formed, and thp 
niulti}ilie<] by 0.888C, givoe the wts^ld of the oxygcsi« Tho per 
wiiti ge of oxygen thiw iluiemnucd slionld be isimimied with tha; 
got iJjo oxidation of the inetal lb will be praiticaHy tb 
eaioo. Hie following reeuil^ can bo taken oa cxamplea 
Twenty graina of tin, culciuod an doHcribed, gave 85.37 8^ 
of oxide. 

grama of tin, oxuUsed with nitric acid and ignited, 
1,551 gnima of oxida 

One gram of the oxide of tin, on redurtion in a emrent c 
bydragoii, gave 0.2360 gram of water (equivulcjil to 0.8098 gru 
of oxj'gon), and left 0.7900 gram of metid / 

Ten gnuua of fi nniia bnlphato gave, on Mvoiig iguttion, s.89 
grama of ferric oiido (F»'^0,) • inateed of a.877. 

Tho Btndeiit Khonld ainnlnriy detonuinc tbo^^kreentago 1 
oxygon in oxideB of oopper and men. Ihe fjOW 6iide may;) 
pr^iued hydndlvixtg 5 gram.< of copper in of diliitonni 

* Ko niagnetio cg^ ww ttinuAf 



ItMiH, erapowiUn?. to diynuia, o\<l strongly ^niting tLe rpn«1ue, 
hSm oxiilt^ of iron may be made by wiigbing up lo graiub of 
^wdwud ferrous ( = to a.014 giams of irou) iind hosilinj^ 

^ firil »rp\jt]y, to dr.vp off ilio writer* and then at a piyl heat, 
ynntil completely deeimipoHod. Tlie weight of 'oride, in bieh ojim', 
ll^nuld be ili-ttirmined; and Uie pciecniage * ixygen exieiiluted. 
^toDipare the figured (urmod nt with thoao cnlenlutod from Ibo 
^^nnik <if the oxide;*. ( luO and Fe^O^ 

' It would I ? found in a nioro extended ri«‘rii*s of oxperiiuwita 
f^at the metal will, under eertolu conditionK. form I wo or 
^more o^ideH didei-iii;' aiufejg tbeniholvi's in the wiioiint. of OK)g(>u 
pthey ooninin. Tlu'ito oxides ore distingouhed from one another 
'ty hUcli nnoitvi uo “higher” und “lower uiidGs* “iion>xidw," 
l^pnAoxiilc-i," “dinxideK,” ibc. 

f , Thb axideH iu!iy la* efitiTemently eliAdiied ''nder three hoads.'^ 
' (t) Th(M that arc rciiaoaH to metal btf heat aloMf smh as the 
'oxides of meitairy, siiter. pbtimr* gold, Jitf.; 

( 3 ) Tfniee ore rtthtcnl Jiifflroffen at a red heat, wliich 
oludtx the oxides of the hutwy meUdaj 
. (S) Tk\m tch’eh are in4 rtnincei hy the*' mcu/is, good exiunplefl 
I'of which aro Hihcn, alumina, the nlknJiHs, and the alkaline earlha. 

! pother uniKii'taut cla<wU!cation is into acid, hoido and neutnil 
^d(4. The oxides of the nou-inctnllie olementa, such ax aulpbnr, 
iC&rhou. phwpborus, Ac., ai^ as a rule, acid ; aud the more oxygen 
.they oontniu, the more dintuictJy arid tJiey are. The oxidoa of 
^e metnk are noariy all basic ; and, us a rule, the less o.x 3 'gen they 
jPontain, tlio moro dietiiKdily hoaic they are. 
t Tlio bahio (oddo*, which are soluble in adds, give rh to thu 
jfbrmnto of ndts when dihardrod theroim Pun'ng the aJution, 
'Voter is hirmed, but no gar is erdrod. The oxidt* dissuhid in 
~ oh case neutanli^ an equivalent of the acid used for solution.* 
la bade properties of many ol those con be taken advantage of 
r thdr determinatum. This is done in the cose of soda, 

^ dEQ., by finding the quantity of add leqnixed to nentralixe a 
Q weight of the sabetuma, 

> There on aome oxidee which, under oertaiii emditinns, me 
dd to Qoe sabstaime (a strouger baHj) and basio to another (\ 
l^oogm ^). For example, the oxiaes of lead and of tin, as 
|h|0 unnunai dhtsolve in canstio soda, acting as addsi whilst, on 

* VocsBUnpIeP- 
0s0+3Hai=CaCL+IU). 
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the other hnn<l, they coinbiiM with pulpliiirio. hydriwhlorin 
playing' I ho jKirt of Ijh^us- 

Tin* t)xi<h>‘i kiiowu !i» •• f*:irth.4,* whon JipiilitHl, .uv miiny d J 
thnni in nt'idp, altli(wi;^h Ciihily •lii^'OiVcil 1 h forn ] 

It 18 commitii in conipliiio iiinmiiHs of mini imK t»i with'"' 
c.t-os m vliii'li tl.o j.uiu tot:il of ilii: riom. nU: fu-jnd f.ill- .-.hort of 
thi‘ :i mount of oTv lakon^ uml hori' n.\y.,vu murt ]>o hnilird fiir, “ 
For rtniiiji'r. iLis «tip - in thi* im ;- or‘jj i.ijs'nrc itf jiyiilw with ' 
oxitlo of in)ii. or in -i iinxtuio of jnijjil-M.'i; au I rulplwl'v. The 
hi lie in tthiclj lln’ wx* piiwnt, rind ilie (aiy ' 

of euliihidos rmd hnljd'».''-i)i'oii in iti: nrtnv^ In* ; but . 

thw ii* not nlwny- rwinii-od Wlioii ii.t* dilKh lut* i-etwri-n the' 
sum t-otnl ’iiid lhi‘ uloiiMiti' loiind tu.rli. it is r*'i>oii"tl ae-> 

oxyjpen iind 1 oh.s.*' WluTi, bowrv of, it i*. foii&id*;i 'Oil", t 'u* 'y '\ oen ^ 
maylio ji'iNuii'il as tuch; and afioinit 1-^' r -! ■„:'';ri^mod 
diiwHly 111 thf way a'n-idv di '.ril;M, «.t ■' litnu ijn. lM\4t ■ 

diierminnlion that {•..*.« •«* mado r*’ ♦' • u-L'i.f nni(niii‘ - of nxMifi, 
palphuVjs siil}*hHtv.' f:c., jm* «nl Mich . nnjpnn •> t-iicfiil 
qottlitutivo miflysh to fiiid mt <lj. s.d- •.■no is in'* ^jnij 
uud llifn the . o* toiu-i .1. /.• ;• ii.*,.i'* .'s ^lfi»-ily ' 

pOHsnie. Tihso iviiiail** ip’-'y tij ^.m** of tlie ho'iryi 

nietalH. llio w*pni\rtio'» oi tiie fon* i Ini -ii/. w cifii'l* d with 
aide wdvHit'* nppllcd in {iTOpi-r onh-i*. Tin- olijhl! -'i)iilmn*:s fop^: 
exiunplo. rue ex(nu*tHl with wal-cr; tlie o:.i*]«s hy 1I10 *1:11110 ruide ! 
or alkalieij in which iin'V aro Loown to im* &du'nlo. 'ilii* o\\^oa’| 
in the* Hulphnti^ rind oji(k*s thus ohi.dDtJ it; uhiiDiidfrl \-y deter*' 
milling tho (!oIpl]nT nnd nii'tiih in thf laid (jdiiiuiling'*’ 

the &monnt of «>xv‘n'n ivitli wJiioh they combiiio. The ii'olalh <rf; 
iheORiilis imd nlkiiJiCrf-. nre ulruosl ,nviiriuhly ]ni“ioijt an oxidpe,^ 
and alfc rc|inrted es nich , exa'pf it is known iLt. tJii*y npo jnvnant ■ 
in some clluir form, nunh ;is» Jliioiido t>r i‘hl<n*ido. Tliu-i, rilica, r 
alumina, Kmo, water, drc., apjKinr in an an.ily.Js; unn in those!:i.' 
easeii where oj^gen and Ins** “ is who nientionrtl. Aj* an fxampie^,j 
of such a report, lake the following aiutlytiis of Spinish pytitee:— ^ 


Sulplinr *900 

Iron 411*5^ 

CopjKr j.M 

Aiw'dIo •••••• 1^47 

load aft 

Zino. ''.35 

Lime 

Biliof. *f. , . a6? 

Water 0.V0 

Orygen and low , , . ,1.07 


icaoo 



0X1D?8. 


5t‘) 

The folloi^ lug r^iiiplp «ill ilJnstmtA the mode of colouTaluig 
i-n))Oitiiig. A ifiiiti'ril. (Miirrini; a<4 (‘rv..tjib( Rolnhlc in 
iisd round on tt> Uju iuIsmI hulpiiulo of iron and 

^PINT, gin'ffou aiiolyiOH ihr folliu.iiig rnwilth : — 


* . . ..1 I'M i-iiit. 

Siilr.hLii'.' iiTide 2N.&Z 

foi'i*-' ... ... 84, , 

ViH'-.t ^ 

o !?< „ 

ZL.r 0 2S H 


‘M.*4 

ThPi^' in liorr A d 'drlrnry of 11.76 p.ir rt-nt. duo to oxygpn, 
.']S[otii{n^rlM‘>-oiild foimd, ainl it it kuovvn limt. In thonidpliHtfe 
,tbe mrh.ilt' I'Ai'-i a* Oil Ir.' liv muKiphiii^* ihi* wc*i*rlit of the 
oopjH’r )iy i.2i;2. Uih vidirUof topiifr < iidr* (0o(n wdl W* aAoer- 
.iwniti; in Ku'^ K tnu..K 10 [ht wul. Ilii* ferrous iron 

HiBuKiplii-! h) i.jb'6 MiU {>i\o ilir tfiiooM (Lxidc (Kt‘0); in this 
leww 15.HJ i-or .I'M Tl.p fcjiir iron njiiliiplvd l>y 1 .428 wil) gi\> 
;tho fomV o'cido I I'V <.».); in lliU «i.-p 0.54 [kt n-ut. The rine 
nn)ti|>1n.«) i>y i.ipt uiU ilio ziiu- nxi>tp(ZuO); in this caae it 
^6i|U<ils 0,35 r ill. The uiialy^v- will be rrijioried us — 



. 415 * 

r)iij|/Liiiu omJc * . 

. 28. Sj 

Cki]i|M'i iinhIi*. • 

* 10 5; O'tuai to coppor 8. 44 */, 

1<orii)M- M'.ale • « 

. 15. *9 

F»*TT]v} OM‘l« . . , 

. 0.54 

ZlDO (iXk'lc . . « 

. 0.3s 


99.98 


Hie following (A ) is an ana'^idH of a niuiplo of Soutli American 
jiopper ore, wldrli Mill snw aa a furtlirr illuFtmtioii. Hie 
llmalysie HlioMed the [iitKijiico of 6.S9 ptir cent, of ferrous oxide, 
^d some avnh' of cfippiT. 

^Tho aualjMs (Tl) ie tlmt of an tn-e fitim the <vmtt mine after an 
iQiperfert rooKting. It a'ill be oeeii tbat the carbnniitee have lieen 
mvcTti'ii into bulj)lu>i4»<. If tJie totiJ uulpliur simply had been 
niteriniiieil, and liu* bulphute ovt I'lookeil, the “ (ix}’gi'n and kn*' 
bavu lie^u 5.65 per cent., an amount wliich would oLvioutiy 
^uire au explaoatiuiL 
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A 

B. 

Water 

aas 

aS 9 

(hpitiir nintler 

0.54 

... — 

t<al])hu) . . . 

29.50 

21.33 

Copper . « • 

lags 

jv if 4 ,i»per , 

... 9.W ,t'i,ppar oxide 

Iron . . t . 

32.09 

^ t , llldU 

••• ->^'3 (I’urjc oaido , 

J icail • . ■ 

0.3s 

0.12 

Zinc . . . ■ 

o.i:o 

a69 

(lohnH . . • 

0.06 

0.11 

Ltnio . • ■ 

5-?5 

?.0y 

Mufintrla . . . 

2 J 3 

*•55 

Rdltiliuiio oxiiV 

i.oe 

5-30 

flioviV, , 

8.87 


" Ti.huliil'le -iljpiitCT" 

5.ii 

8.38 

Oij'guo auU lute 

2 .% 

2.47 



riici'b 0.15 


loaoo 

bu'l.* , 1 



100.00 


WAIEK. 

Water fiomrB In minmils in twr, ioi*nw, frue and ctnohinddL^ 
Tl«o tfim “ nioisi-ure " oiight, Btiictlyi tt‘ lx.* linnto*! t<> tpliolrrrt/ 
idlliongh, ai» lias alrwidy lx*eD exjjlainedi it i« moro i>(*nvoiii<mt uK 
ajwaying to ajijjly llie term to all wutcr wliWi it* diiven off ori 
drying ni loo* C. Tlie o»>inbijii*d vFstw ix roally a jmrt of tb^ 
D.iiiml ulUioiigh it may be drivoo off at » hi^jh wniimcw 
turo, wliicb vaiies with the Imw. In Home cow a prolonged re* 
Lealiiia mpiired j iiliilrt with ciystnlliHod it w SDinotim^ 
gi^eu off i;i tho ordiimey ifUipwutanA Thi% hifctor iilipnoiiioiKJi^ 
knowu tw effloivrtcenco, irf mo'vJly I'Oiiflned to ai-tilicial kJIa ^ 

Tlic d(*U'nuiiiation of tlio ecanliined wulor mav otten 1 k» ma^ 
b)' dimply igit'tiug the mltfitHDco from wliidi tlic inoisture^ bM 
been ronntwl. The quiuility <if wrutoi may bo di’tonninod, atl^ 
hidim-tly liy the low, or clirortly liy ooUccling it in a caJehi 
eliloride lolio, and weighing. Ju feome ramv, in uliirh tlio low c 
ignition does not givi' timply the pm^Kittion of oomhined water^'i 
can le seen fiom the imalj'idF to what el.'ie Uio losrf ii» duo; “ 
after a proper dwl action, the muonni of 'KniAir ca". be o* 4 imf 
For example, i gmm of /ayRtalliseii iron «Ti!|ihftW waa fonud 1 
eoiiuiin on analyfda 0.2877 ^ imlphurir o'lide ; and on Iga^ 

g.f onotlier grairi, 0.2877 gram of htric oxide wsk left Ae.t 
Mt ip known to be made op of foi’roua oxide, sulphnn'c oxide, 1 
eonibined water, the oomhined water can be tbua eahiok'^ 

. o.a877'gnuD of feme oodde i» equal to 0.1589 gram of fd 



WlIlKB. 


BiWii,* tnd confioqiioptly,the ki.j on ijmiLiou hu licoi diinininhed 
mo.oa8R puui, whiclj in Uie ^piLdl1. of oxyf«fin ahwrlxyl by tlie 
}||Binotu oxide dnriuf caljiiiiniy. The on ic^nitinti w;h 0.7123 
tfpnmt to w^iiVU must ^ni ndilinl o.oaSd p-um : heiKM o 7411 ^nim Ik 
woiclit (‘f llio coinliiiied Milpbitric oxidr nnd w.-jtor rimv 1 i 
rDrtbiPlin;; tlio wn«ht. of Hilpliiirir oside ■ ■ i-d, 0.2P77 (friiu, 
v 4 hort‘ ib left for rondiiuc<l ttuli r 04534 •^ram. Tho couiixisitiuii of 
*1 gium of the diy wdt iti thcu 


Wat. r . . 

Hiilpliimn f'YiJff 
Ferrulu tisiiU* . 


o.| 1<4 

aijSg 


l.OCM 

Jlic f(»llowiiig ifl uuoiiLi'r pxnmplo Aflamjde of malacliito lobb 
•on hruiliou 2847 pt-i* Chill.. a nw'lt*. which wau fotmd on 

■JinlyHLS t^i Ik? uuidf u]»of oxide of c(H'})iT(i'qiiid to 70.16 p:*r cent, 
on tho min(>nil), and niliiM and ..ide of Lwi (cfjiiid to 1.37 {lor 
«mt,). (Jarliou diojude .uid wntfr fbut uothiug else) mik found 
ilo be jut'Mud., and iJa* csu'Infn dio;:i'h* anioaulfwl lo 19,64 |»er cent. ; 
deducting llii;* fiom t!ie ioret on ignitiim, we have 8.82 os the jier- 
of water mvbout. Tho en-dywu wa« then renorteil aa 
IbUowB — 

I’ui’rtc , 70.i>'>onii.>l u>5(kO*/. oomieTf 

tSilin and r«‘nic uxnb « • 1.37 

Cwlmn diuxiila. . • » ]>j.(j4 

WjUiT . • . • , 


99.99 

Direct Betermlnation of Combined Water. ^'Cransfer 
^ut 3 gmuie of Uiu buLjKt.u.cR to a juot'e of coinbuKtion tdbe (8 



Pio. 63. • 

10 ischeB long), attached (aa ia fig. 63) at one end io a U-tabe 
^taizum; inlphniic odd, an ' at the other end to a calduoi 


Fc^ ; iNb :: a 2877 : 0.2589. 
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tulift Tlio luri. is jrt. nout' lo tin •Ir-li'Tminntiou- 

Tbe siioiild Itfi w.W'I'iihI i. i rMiniirti rotiipl 'W^ ilrviu'^.v aud ittuftt 
lie fun fi-yw n j)il.-'t.y ;i (Mirj-ut of Air 

thiDii;'b llu‘. 'liijuif.d'r, JiiMt tht* b/ ii.o.:»is of u I’rnspn 

I’uniff, mitiiHifly iii fii-suniid Jill r (if i-eii'S- 

.aiy). 'I'lii* V |f!ii M '*-*‘..11(1 cW'*. j M». i-. Ml. .al.Liiin ililo- 

ridn tubi>. wMdi i aft a '.i.i: ' > < itslc-t .u.>l wi'x^h m. 'J Iu^ incii'jiif 
in wn'tdit is (iim :ij tU' m.im*" If Mn fnljsl.m.-i* cn tidd 
jinhliiidj* on licaiin;'. ii |»\*VM)u.s)y uiixoiWill* .soai** diy oiide 
of itiiMi or j'uro ( nai^rnei.*. 


EXAUINATIOIt OF WATEES. 

Thp t'^HJiyor is i\*c.hhmi-ii 1 v c Jli-l '.n .i. v '-n ibf. j,(i> 

p.v.1' of (ho 'ii'-.l-j,'. nfi'v • 1 '!(►• , .l-s {n'-l.iincl 

iti il, and fflitllicr 's or ».« f (•“(■•li* .i imi '•r..“l;ittg 

lu uji'1'’i.'i till* i. ^'1 1 . r,. ^ ,f j ynj,*! di-n-.n*- 

tor, Iti'iij • lu-tiv ot Irj. I'ls ii«v I, uo1 r'lJv iv*;'i <v»T|iy Lit 
ftlHo fm]ii.*‘itly >ni!i oil rtH I iL. at''* m only 

iwoii liy jif+'iyi'i «( In < . irfi.'f .d (a • . i u i: Ik- i*i-nv it 
would L' rXii'i'd Iho i-ja* r •xulf''. W.i'ii of o.d||i<uy 

purlly will d(» fu pm l«uo tii* riuturc snd /jMUt.ily (rf 
lii(‘ UiipMi-itu-^ ur.i<;{< !'•' hiowu 

TliP folWina' iLN-miiidiirti'. .iv uf do* I iir|*".‘l'iir»*;-" 

Total Boliils at 100 * C. -Wlvi ‘ Miui.iv li,v is rf- 

qiiirod, UiLi roo i-.'*. tud • iIm; \\\ tn-lfiiil: m n 

dwli ; iln-n di'V In M- h i(i and Wii^b. 

Total Solids It^iitcd — Tlw sL>ri> i^« 4 dmi L r(*i^y neatly 
jii'ijr tla- Imsi' w -ll bi'!«»w n'ilmvv..tHl juiain wei^heu. 
A Lii-ppr lins lliaij 4 or 5 ]BiMh ^mr 100.000 on tbo w:it«'r roquu-w 
nn o\pl.‘ni.ilii‘n. 

CblOTiuv.— Ta\o ;o& »•.<*. of flie wnt'i- in a poi-ri I lin diaht-ndd 
3 e.a of .1 5 iKT cent, mlulioii '*f ui-ntr.d pi^t cliroiti.-dn, and 
titrate Mith u neutral staiiflinl K-dufion uf nitr.le of 1 ih'ur, nmdf 
hj dihMilvinj; .^.7S9 of ui-y-flalljjsMl i-ilvri- niij-sd*- -n dUilled 
wiitHT, and dilntiM-r lu i liti-e. Tim uddilioi) of tin- nil rate of 
nlvui’ is ('ouiiifM(-d iiuH! tf>c yellow of tbe ^oliilioii as'iimes aJ 
raddiHh tint. Tim nsiciion is very sluirp. fju-h r of nitrate of , 
silver ufcol is etiii-*l to 1 |Mirl hy wciglit «•' tOiloriuo in ico.ooo of 
watur. At inluod plne&> Liii.s r&nely *11001101 s t'> more- than i in 
[00,000 ; hut uciu* tlie Mrd it may am uni to j or 5. ’Morn ilmn 
iJiLs requiivs oiplanniion, and gem mlly nidi/iitjH hen-iige pniluims. 

Hltrio Fostoxide (NVIa)*— 1 ^ more gui^dlly loported ■ 

Kuder the heading, “ niti^>n as nitratea.” c.0. of tht^ 
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!. water at«<l e\’4iriiirHte to a oi* l.c ; ju i-lulut'* wiiJt a few t f 

f iiliiw: biili'liupi( tu-i.l. I.i^l Iv' T'-r Ut ii 'iitiiHMfii'i- pi-ou" -,1^1 - 
Jii'M ton • )i in tin* .4 tr!u'-iV 'rjn- • ’nj iiiirir aeili 
in^lM IX' l<) '.1 (« -l a t V '.1'" :}j( .U.U I f the t'*'l,;i|cr> ||;i 

With i.j-'vi.jy. Tlie i.„unf) ti„t„ .,,,j , 

ijn*-n (if j:iiv nliri-l.- i-. l).' Tl., nme of the niiur 

oxiih' il 111 I* nr, ‘••rut me jirtTi-in’'*). n)ii1ti| lieil 

. hyii.j5 J'l* tJ.e ptirU'/t ntiffj. II jh'r iCM:-,oovi , m-. niU'iipliifl hy 
0.065. ’IV, ■ I .-iM' i!i.' iH((h- ii- jx*:* 100,000. In 

well » - ihruiii. i;. !, itijy fiw,<*n. iiiOu?iiro.4])cnN 

ji'^r i.Jw .■■'L. '»! h\ I ■ ! uijtii]f*!n c.7 er ■'•.S j^iits ]h‘r 
lOv.'.i.ti''. All t Aiv • <•{ 1, is su piirinun leaturc, nii'l ia 

gt‘iir!.iM\ 'III** t i pirv'joii- ithiIu.Ju 1. 

Auiiii.'niu. — i.,.o 5 ''‘vm* • 1 Ji*r UoUT j.lfiii' tlii'U' III a 
reUirt (•n.-ii 1 ‘ill ‘'iih u l/itli;i‘V i uhIl''?* Ath' utlnij* or iv\o 
of r ‘>1 Ilf of •• .. I M •! ili'.iil mtT 100 e.<*, } eolli’i't 

nii'rt><ri ; r.c. v ji.jM.rlv. I rruiro tJie fjQiUiUiiiii in tlio 
i“''i i‘ii> itii'ilo 'Uirii I\»vsU*i'*, ^oltlIior, «». ilei^rilHMl 
.imli. in'/i. -.xi.h.i ■ mil rtl ‘u »f iinii,io..ic 
clilofLit* U1J1, i» n; ^ f 1 1 ». of f«mn 'I'nr r!ih,u li> in t li'iv of 
witi V. < »!'e f.f. I’oi.i.nii t, 0.0) of .njuiionfii, Tlio Ktwud 

diHlil!:.!* vl'l '•Low IhtI-‘, ij inv, 1.: iih 1 iQ.n y eiwh. The 

wnounif in l-ifii fnlJcd niid ux- 

j'ii jh’irt'!' ]x-r i0.i..')cn. 

\Y,i' (iKlioi il’iiii I. in •tinl funk wjiters) whvli coi.tiiin niwro 
UuiJi c.'.iC'? jx-*' jo'.'jro nr,’ Ml 

OrfittiiJU JWiilior.- 'IT, oi‘!;tiii<: iDi t'.vr eii;ini>t lie 
dh'OilJy; buL n»riinHn.av piiriHm-, it Dj ly lx* niouwir I li\ the 
Muoijjit (if ix*nii-iiiy.uuil" u* iii,bi..‘ mill which it rcbuc^, irhj the 
ainoiiiit. of .luuumiEii vbiH- ,( .'vi.Ivcs on iHiil.’n;; with nn aThiiline 
pi‘i7D.'(ii^u£i.ci'> (if pot.i MiiiK -o!uti;<ii. 

A. jUh'Wii'y id Aittih'iiiia . — (Ini iihidiiH !• ft affrr (lis, tilling 
the anuiii'iiii :jiM 50 e.i. of :i 'ohiLicM in ole liy (bssolvii.g 200 
grams of and 8 jrnimr: of |¥rtii.?sium p rauingniiato in 

Txoo e.(j. of ^vutcv, .-ibd r ipiilly till the volumo Ja mlutml 

^ bet i liln* (tiiiB bhouJd b*i k.»’vt in a well Ktotijn -poil IxjWle, uml be 
-oecaaioiiiilly IrsUhl to .i(4j that it ia ii-ry fivni iimimniia). tloiitinue 
:tbe dinlilUlioL, cydlct liii*; 50 e. at :j time, until tho disnlliite is 
Iiw from nmmoiiia. Three or tour fnuaions nni goiienilly Miili- 
'eieiit. IX'ttTDiiiie th*’ uuunoiiL'i rolarunetrimlly h(< bufore. If 
thjB total (.Ibtuniiioiii mninnuiu dw« ufli exw’wl 0.005 1 00,000, 

the water may l»e rei'anled aa c'-’iui jw rogniiln orgiuiic matter; if 
^xt amoinita to diok tlian o.oif it ia dirty, 
j, B. O^m ^oTunimcil . — • iiml'H’d wliilioD of jionnimgaiiute 
^ potnwb iH made by dibbolyirig o.:;95 idie suit in water 
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and dOuting io i litre. Each c.a pqnob o.i nilJjgraiii of avaOlB 
ohJe oxj’L'en. Tlie foUoTring utp al« it^quii-cd : — i. A solution ti” 
eodiiini liyjK«uJ)ihi(^ cuiitainiiig i gnimaf Ihp salt (Jfa,S,0,.5H,0)<^ 
Li I IJliv d vt ni/T. 2 . Itimo suipbturic acid, mado by adding dM', 
|Mirt of theaiid to lliri'o of wati^r, and titiiiiing wifli tbo ]i''ruiafr, 
ganalo wlntion lil) a faint i»udi jieMitlf* after wariniii{! fw “(.•\'nral. 
hours. 3. Ston-li }iast-o. 4. umImh stdoiian. 

Take 250 c.c. of tlio water io a «to|ipi'np<l Iwtlle, add 10 o.c. of 
aiilplniric arid mid 10 c.v. of ilie priuaiigniiato^auJ allow to stand 
in a w.anu pkieo [\tr four boors. Thou add a few drops of the 
solution of pof^isflium hididi*. and iitratK* tlip liliouUti iodinowith 
“ hypo,'' naing alairb psisto lowarJa tin* end an indbitui*. To 
ataiitiai'diKe tho hypohiilpliile, take 250 e.c. of w.iter imd 10 c,c. of 
■uli.hunV add, and n fen- drops of poliwomn nxlid** : iJni* run in 
10 e.e. of the “ pennun^rjiii'ito " wduiion, and •I'lr.iL titmti' ; oinmt . 
30 e.c. of ll'o l.ypo ” sill bo nw-l. Tlifl diUcreLd' in tJ»»* two 
tiduiions, dividiil by the lust and unllii-iiiil jo, willg»\rt the. 
O.C. of ^lenuungunatn sol<il!i)ii iifed in oxidii-ini* (itco-'i^auic matter 
in the 250 c.e. of wak'r ii.«ih m. repn-M-id*- c.04 part^ ot 


orygen in 100,0* -c. 

Metals. -Tberx* may fo: I he pi ■( Ivj O'flmwi'd eoloiiw'j- 
trittilly 

Lead.->THko too e.c. of Die «teT in a N'rssloi tulK». ind odd 
IO O.C. of Kidphurwttsl liiilpogen w:iler, ruJT comporo the tiirt, if 
any, a,minsl a Kliiud.iiil Iwd M.duyoii, as ilewnilieil undcT Oofivi- 
metrie iMtfl. lb‘]mH in pamper Joc%ooo. ' 

Coppor, — PriHii'd UK w^jKibo L'liMiiHitjoiK**! metul; hut, if. 
lead is uIko preaeni, UJ do\^5co r*.c. to ulauii 50 ac., then add 
ninniojiio, filter, and e^1iulalo tho rapper ui the bine aolution, as ' 
diseiiliod under {'iHttrinuiffe "'u^ywr. 

Iron.— Take 50 o.c., or a fuanller quantity (if iKwasury), dilute^ 
up to the mark with dirtilli'd water, and dotenuiue willi potuftduai, 
Bu]])hoeyftnntr, as ilc.s'riiied imdor Cckrmaric Iron. 

Zino.- 'Zinc is the only other metal likely to he picsitini ; and,- 
sinoe it cannot bo dchTniined colarimclrictilly, it must he sepfuntely* 
estimated duriiig llu' uxamiimliaii of the totul solidfi.” 

Examination of **ToUi] Bolide.'" -Krapfimie 500 cjo, tos 
diyneitf with a dn>ji ov tH-o of hydrochkirie arid. Take up wi% 
hydroohlnric acid, tiller, ignite, and weigh ilw rModne iis, “ iulicn,**j 
To the filtrate add a lillir ainminiie ehlorid' oud nunnonia, boijj 
and filter, ignite, and wt'Q;h the proeipilute as oxide of 
ind ttlumiuA." Colhrt th * liltrute io a Sfooll fiusk. ;; 

amiaonium sulphide or sulpburelfnd 
AmIc, and allow to stead ovwnigbl ; filtei* 

Uw dne gptTirDoteiaaU:' as oxide of lone 7 of 
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ther ahoold hftvfl Lvu preiionsly R?niuved wilii sul- 
> pbnreitiud Lyilj'Of^ii in tho tK:id boIiiLiou. To tlio filtnto add 
' AOUDomo Qxakte Htumonk, bail for domo tiiup, allow to btoudi 
■^ter, wi^h, .:n*l wfdgh ua lime” Kinitoi-alo the* 
with uitne acid, and ianiie. ISkr u}i with .i few drofiR of diiir • 
hyilrochldrir' mid, add Uoric hyJmV^ in i*s, o\’Hrioru{c, nnd 
fliti nifl wit It wtU v. lltp nuiduc oouUtijiB Hh* niajiupsia ; boil with 
dilute Kulidiuric acid, dlter, it wilh pliorpliato of soda 

ami iiinnifiJa, and wtngh wi ii^'rophnspliatt]. Tho.iqneons extruct 
ouTiieiiiB 1.1.U nlkaliiM witJi ibc rxcc^i of buriuuL Add aulphnrio 
mid ill slight nxccsB, emporuie, and ignite strongly. The 
n^diio iDUHisi^ of ilio t»ulpliiit49 of the (iJlulies (which are 
80|i:ii:iti*lv dofmiiitiod, ii-i di'svnliod under 

Salpliurio Oxido (hO,).— Take 200 i‘.c. and boil to a small 
bulk ttiih a littlo liydrx'Jiloric mad, tiltir (if ii'f^aauiry), addbcirie 
chlonih' snlurioii in idiglic to the hot sululiou, filter, ignite, 
and woirii 1/iric suipti tic. 

Carbon Dioxido (ArLH)).- OarUm dioxide essts in waters in 
two fuiiiiri. and combined. Tho hitter gonmily occurs as 
IdwlMunte, idibongh on aiiidyidri it is muin corivuuuait to couvidi.r 
it Bii oarlmiMle, and to count the cxivsh of carlKni dioxide aiUi 
the tree. The mctlunj is as rdlows;— To deiorunne the free 
carlKiti diuxidt, lake 100 C.& of the w.alor, j>!*ice tliuui in a flask 
with 3 e.i*. ('f a stiv.iig rsiluliuv of isdcium cfiloride and 2 c.c. of a 
solotiou of ammonh' chloride, nixt add 50 c.c. of liiDc-wuU\r. The 
strcDgtli of the liine-waicT mutit rie known. Make up t4> 200 c.o. 
with distilK'd wnti-r, stop the llnsk, and allow the iiruciiatote to 
Kttlo. Take out 100 C.U. of the cloiir solution with a ind;te, and 
titruto willi till* stMidni'u solutiou of acid.* The nnn.bor of o.c. 
required, niultjpK^HJ by Iw and dedmihwl from that reqtfircd for 
the $0 O.C. of liiue-walor, and tiioumnltaplied by 0.0045, 
the cnrlKin dioxide piesont other than as oonnal curbouates. 

Carbon Dioxide combined os normal carbonate.— 100 c.c. of 
the water are tinted with phennoetolin or loomoid ; then heated 
to near boiling, and titnitod with atamlard acid, ^0 number of 
etc. used, midtip]i>>d by 0.0045, ^ weiglit in gn^ of 

-• the oombined oarlion ifioxide. 

Pkoe Aoid. — ^In some wi ’-crs (eepedully those from mining 
djatiiete) there will be no cuibonatcs. On the uontrary, there 
• may be free mineral arid or arid salts. In thrao m-m it is 
neomnry to determine the amonnt of add (other than carisin 
dioxide) pr oson t in exosas of that required to form norrial ashs 
^Xhia Is d^ in the following way Make an ammoniaasl copper 

IQO OA oouAn 1 gnus of nlphoxio sold. 
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»j]niion by tabin^ 13 trniitw of poj'fi^r Milphaic- (riiP()^.5ljjUb 
di'^Iviiig Iri wMiT, Qd'lmr t'lii ‘liotj of iiniiMiiii.i iiniil ti.r jimipi- 
tiili* lu ‘4 fcniu-^i lias iumvK ib aiiil (liliiliu;: 10 1 Jitre. 
Allow i.' .'rill ili Oiut off tl:o d-.ir lii|inii. TJi” )4i*>iigth of 
Miu* is ml- ?’( i.-iil by 10 or joc.r.of tbo 

Kfinul.ini s»>!utioti ol Mi’ihmit* .na.l (loo f.n.= T L'miii II Suj. 
TJlp (iiiLliing jMiihi i-t i<.^ •/ai .i.- iIk* '>i)ritiiin IxioDing 

tni-luM fiiiiu [iH'i i,<'Mf»'ii » li\ lla'H . At :is Jiyli ilmj) 
fnlU in'o t!u' iti'iil .'..lirji 0. ill" .irr.in.iiiia -iinl nnihV luilisito «iUi 
b'uo U'iili t*it; fiVi'ai-nll.'iJDi'iii iiiiiiiionii' jo*! < i;pni‘ but 

0*1 boon sia Lbf fnt* rwid us**i| up. iln* jimiua ui in tin- prxt drop 
not- only jini'ipiimch aii tMtiiv.ilciil «if ooj'jif IimImIm tiY.n) tlm 
floliiliuii, IhiIi al n I1 ii-i)h«: down lo Un'IL Tins iijcl lioij 

in upiilu.ibJi' ib Th( ]iii'M n>'i of '-r.b/' fXiUi f'rric. 

TJk* sl-Jii.dsinll'Uij; and Nla'uid Iv djmu .1 i.'fr lIi.* muio 

cfni'lili'ii-'t. ‘•iiij'liUiK m‘id a*..! 'al-alf.s ai'' fui domluain 

ill Av.'ili'iii of tills Iriiiib it i' iDo%t tvi' iv*. •'•d 10 m'}k<i'L liii* •! Mity 

of till* VTjili V h" I'lim/i’^ l* <■!» >-> li.lKil Siilpl.l.i*' .•< I'L 

Diaf»oJPv‘'J OnyeoD. - ‘.'’i ' iv a. h i« . of -lual vmo;? 
for il’^Kolvi'l cx«.’;4P.., iiiil It)'. :>«• Siiir# iJ'i'fi/ \i)l’aiiiou‘jc 

mt'tlKilillioM-wdi'nt is <i .’jA-d MiSi •* Vwi.innijit' An.ib,sjs," 

Tin; follow iM;^ i» un I'.is) ii (‘I-IhhI of tin* fni* o\ii;'*n in 

a waitTi- Tiik'i* root', of n MiimiotiS cldoridr solmi'in (a'lmit 20 
gnuiib of till- sjilt widi io<‘.o, of liydm'ldoric ftril 10 llw liuti); 
Aild 10 »■.('. of I ..Ihr'ldoric.ml, iiiuHitnibj in in 'itiiiiv|dn-re of 
oiu'lHin dioM'ir iTTih6<‘tndaid {H'Uuai’piiint.oof ] 4 >(ari'-iuia Ailoiion 
(niado by dw^ilvin^^ ''laiooi lit'* ball in i lui'ool ‘rjib^r; i /'.r, 
etjiials 0.5 milli^'jurii vi oAy^ru). A fiudlai 'in.dii'u iti niiidi* a ilii 
tbo (vi.iiiiou of 100 (M I't i*M' vi-ilw t/> l)e tesU-d JjCfv}ionD>ifi- 
gnn.du w'jjl ill In (.be mstiihJ {ir-nili<oi, nct'ordiii^' to tlio 

umouiiii of in tlio w.iu-i ; liud *he dilH it'oro, mnl'iplicd ly 

o.5i uill (pvc llio Wii/l.t of tLu oxygon in iiiilligriiin>ib SmaU 
quautiuiib of uirraics do iio( iiiiorfoiu 

In lii.'iMii'iiNi! tiiR ixMilu of the tiiiahsl?, it w cuntji’jjar}' to 
cniubniH tiiL' inddh and liaaoH fc'Uiid on h>iii'> mirb 2»i'>0('lple h 8 tlie 
followng : — Tlir Mil|i!r.iru' oxide in iijic.iJal wl ii». wnil ini d xvitli 
Uio potiibli, uud ft>.pr.tjibsw!8nipliAlo(K,Sl»J: iboldanca 

of tbe bulpliiirii* oxiilo in tiiuu ap)H)i tinned to tbn aaiIo, and 
ropi‘rl«l as buljdiatn of koiU (K«jS<\) ; if m.y in '‘tUl left, it is 
KTioikKl HS crdoioin Milidiatij (Oa.S<).}y and ^lur tbat ah nuigiu'sio 
Biiipn.ite (M;ifSU.). When tn? Kul^iLurio oiddo JiAf: boon KiiJhfiiodf 
the ddonuo is dintribiited, taking (lio bases in tlie sonio order, 
then the nitiic pontoiido, and lastly the earlioii dinjudc. Bat 
any mclbod fni* ihiu conibiumg ibe bnfirM and acid* niTwt bs 
irlntivry and iiiaecunte. It ia oxtroniely inprolni'b^ Aat vaj 



nmple ^tcnicnt nn i lip lunTirrr in wliicb th*. Li'iij* 

and nci(U anidirflriKuift] alnL.t hi ; iMid, riini-iviil 

cheiniivtn jm- not. n'^rivd tut to flii\ otic iK'iii-r »o irive 

HI) tJiO at;t('ni|><, un Hiiiiply ftii'c tlit* f(t>nli' o: i {•,• Tli{.t 

Iftfi only ^i»‘ 'Mu •.•fn m h'n! j % (imic . 

auil, nil.,*** -Min-t* uf t}i«ii aiv ikcmiiI n.-. tL 'ts-., tl/i* . mu tnh,! «.i 
till' iiTi;ih>is nil] Im‘ ht un'PM iif tl.c .w|.u;il . mom * prw •m-ui; h\ Hi- 
aoi^rlit iiJ the (>'|u>vyli-ii( to the fM-iiM* j'fcj'MJt hr 

cliluiide. rii** Nlowir,:; if un t\‘im|*Ic of ^'u J. :■ ‘ ..tii-inent : — 

Puli' |>n lutyOJL 

Tr*:.UHuIj., diiC'l hfc . C. .... 


CM -lino I . 1 7i» 

NilinmT Kh Dhj.»<‘ . . . . . 

/niuunn.i . . . 


Alucn.iiiu.i! i.r:ri*.i.Li . , . . , i 0.< 04 

“Oi.'.'uu coh'M' I » Ui4l»n'‘s< . , 0.UI 


Tlui 'a.lidu Mwn Jtindc up hp h-i :■ 


Pom It . . . . 

llttlcntiMA 

JLuno .... 

Sulpl.iirK . 

t^x.tu’noc 

CarlHOi 

Cliloni'e . . . . 

VolauJe nnd o>;^uic ni.ii(^r . 
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nZT-BOOK OV ASBlTlHUk 


THIS IIAI/)GENB. 

There is a group of c 1 i»ely allicnl elouoniA to «]anh the namf 
halogen (Ailfc-prolucfr) huji 1)eioi inveiu H i-oiMpi Mea cbloiiue, 
hromiio^. iotlino, .‘iiiil Huoriuo. Tlit'iV) t loiiiculit fviiibme dirertljr 
with iiiehilK, forming as many of ((li!iiridu<<, liroiuidej^ 
i<Kliilii4, and flnoriilo**). ooim)4iudi(ig to tlion-juvUvo oxiiJty, bat 
difTfring in tho'r fonimlw hy having two atoMR of iho Imhjgon is 
tho plaoe of one ai'ini of oTygMi Kur puiwplrt, ferrous oande if 
FK) and feritNw cliiondo ia aiiu. luoiii, fmic oxide Ul 
Fe, 0 ^ wbilrt- foi-ric chioride h Thew* siiditi difl'er fnnn the 

(jorljoiiftteft, niirati’H. Ac., in coubiniuL* no oxygen. Oftii!H‘f)»i‘ully, 
it i»* inoonvi't lo speak of khi b comiwinds i'lil'n iih, (A jKitwh, 
Huoiide of lime, Ac., rinev ]v>t:isli and li'ce a', t 'AiibM It i& inn- 
ptjitiinli to Iv^r Ihih in mind in rc {,n.dys'v m whvli dt■^^^^ 

niiiinlions huAe Uvu niade. wiv. ildtuino iiiaeiioMu. and 
ui'of lluoiino, silica, and it is i.>ci't>u)v in fil) enoh 

eohOB U) dinlnrt froiii lli' ,*•■'■(1 .i*., am.vmt »)' 'i’ll gen Kjuivalcnt to 
the haldgcn found, ctiTpt, o- •ouric, i her • t}’*' Iwh- iian Ix'eu de« 
tciimneil and wmihd ^ I'jnijioi.'uU com.iimng 'xul« 

•nd lluoridt's, A'c., do nut l«*ntl tliein*^ icoa to the Tnetlaxl ('f defeat 
mining the ludr^^Tt hy tiiireruniu For mmpk. (u)'.it, which^ 
according to Diiiut, has the faiunula Ai^iU^„ voiiid yield ij) 
tho ordinaiy (khith* of aual^Tsie— 

.’.liiniiua. . . . • . » . • lit 47* 

SilK'H , 12.0 

Fluorine •••«.».. 'aan 

ioS.6 


The oxygon equividont to 20,6 per coni, finoriue nuiy hi 
found hy inultiplymg tlie pmth ulage of fluorine by 0.421 ; it h 
8.7 per cent., uod must bo deducted. Ihe oiiulysu) wonld then b 
repukod thus 


Alamina 
SlUoa , 
muorine 


S5-47. 

20.6 


10EL6 

oxygon eqalTsleat to fluosiDe » • . S,; 

99.9 

Ihke M an Hluiitmtion the following eetuil uulyua hvV*^ 
CUrl^ erii J. R. Uiller 1-' 



Alamilu 
BDks . 
Fluorme 
Potitah . 
Bodft . 
Water . 


57 ..? 8 \ 

3 *- 9 i 

i6 ‘)Q 

t>:'S 

*’S3 

o.yi 


Deduot oxygen pqniTalrnl 


107.97 

7.16 

100.81 


^ In oJrnlating tlio for tlio "oxygen pqniv-.ilunt,’' dinMe 
i^Uie weight of one- atenn of oxygen (ifi) l»y the weight of two 
/atOiud tji the h.ilugeii; for exfiiu])te, with chlcaine itw'onid he 
: ^4 or 0.2353 ; «itJ« hruniiue, ,V,V w o.iooo : with iodine, 
,0.063 ; ttud with llaoiiiiu, or 0.431. 

T . 

!;■, (!UIX)EI3IK AiiD CHLOKinES. 


Clilorino orrint in nature chkily onuihjuHl with Bodiiim, as 
Jhttlilo or r(K‘k lolt IMUi [HiJa^hluju it fonoh sylvine 

uKC]).uud,lio,'tt lierwit ii !n»guo^«mi,cui’niilliU»(K(h, 5 lgOI,.oll, 0 ). 
i»Ut the meudUfewni^ luiboidtt (.nait.iiiiiiig cbhu-iiie, kentrgynie, 
-.or horn (Agt'l), end «itaeouiiU‘, nu oxjchli'ridu of vopi«r 
;{*(OaCif3<.idliO)r) aix) tho luuKt iiu port suit. Apuliie (}>hoBp])ate 
|.of Uimi} uiKl pyi-oniiirpltile (pliortplioio of ktul) eDutuin u eoiudder* 
viable amoiiut of it. Oiiloriiie u a giw( of a gnu'i'ixh cuh^ur, possow* 
'^SDg a charHeUridtic odour, and iniMlenituly holulde in ^rutar. Jt 
not occur luttire, is goimrally prupaied hy the aciiozi of 
M oxidiHing ngent on hydrochJorio mjd. It combines diivoUy 
vvith inebtis at the ordinniy toiuptuo^re (even with platinum 
Smd gold), forming ohloridcii, which (except in the case of silver) 
wluule. 

It is important in metallmgy, because of the extensive use of it 
extracting gold by "chloridisiug” proooHdee. It is also need 

■y nflning gold. 

l)eteotioiiiw~(]loni|Hmndj containing the oxides of ohinrine are 
found in nature, because of the rtMuliueiawith whidi they lose 
'gM. ^ By roduc Jon they yield a ohlorido ; the form in 'vhich 
ine is met with in minerals. In tosting, the eompound sup 
1 to Mmtain a chloride is boUed with water, or, in some oasel^ 
[cite nitric acid. To the dear irdutiun containing nitrir add a 
W drofxi of nitrate of diver pilution ore added. If, on 8 U 1 ar.g» 
^^hite curdy predpitate, sdi.ole in ammonia, separates out, it u 
^^oieiidy Mtufsetory evidsius of the presence of ohlcri^ 



IDAl'flVnJA* UW AmiAIMIVta 


Solufion oTJd SoparofccTj.- Till m-*' ijODenuij'/ 

(inti i.it' t M.ln i.i'i >.>‘i ‘lirijr 

'Iiliin Or, if ••jHt.ii!*!' . 'i-J ■> ■i.«i ik fu>e4 ’ 

will' ot t !. it M.t'-i ■‘.ttr. tiin! If o llltmte* 

iinuiti"*! vitli .fill, li.i tli-' •). 'fJi. m> •' iiV.ni 
ftirv ti> f’li 'Ui liif i.iInt'iMi ri iti*. • i.l' m-i.' !i < ‘ i-i »'!ii'i'-i Ills or 
lufl.ils, II im. .inlini.iiu', ■H i.mi is jit- .. -ut, it is 

U■^l hv 1 1 '...Ij.l'im ite-l }■.<.«. ii, TIn'i lil .ride 

is (li'ti‘nvmt»t] in *1 ji- ..I Iti'li.n ijfii r ji .It t»‘ lit". «‘J< «»! the,’ 

ph. AVJifiv ti •i-ii. .jf .'ll! I'll-' ; '1* Li'J'. i . '\r I r.n, II iL.ivt, i-x- , 
IWTiifiit U ifiifi. :i' il :b-‘ 'j .jj .■ili..'1'l mill llic 

I'OJiivnV, ('m* liniifl,' I ii rl tdii.-'i*! i, t, , ,rijit/ii-.' I’rum ■ 

1 1 m ^ null* 41. .mt" '••l•l.lll• 0 *\ I'm ..•H'.’ Mi h* i!iio ol 

Fil'i-rtit till iiiui:* JifU* ' I i .tv' ‘ il • .. i ' I'Ut 

Tliii, is iii-c lioiii Miiioy i»ii“ s • .11 m ■ - *ii.'ilc r.nd 

iotlldf. 


GIlAVJUE'PBir |vV.rJ*.ILJitfTr .^TJCN. 

Fnn’jy mill il.f ji’lini -li ' >■ n t*" .Mi •„ v ,’| i!il»*t,- nitric 
tu'.iM, filler ftl I't" ‘M'. , *.b' *• • : .' .. nf .•■I’f, llcnt 

Ul'MlIl lit b.-lliliL* H'.'l, V.Irs. Ml*' • Ittl' ‘i.'.U '..*«•* ' 'll ••!. lil’i 'jf.TKl 
m.isli i illi In.l ili'iiiti*.] ^ jUf. 1/ jiiit! ■*.,i V tij fi bflj-h id 

Del lui friiciitlM. ••p rs.JiK'. ..n.u-.in'i n •iny' 

wilncfil t-ilvi r jbio o! ii.ii.K' ih ..ItM, lu*:* Iiv-iMi.mI vii'i diftn^ 
of iiitMc iinil </f lijih‘xj.li»i-ip -n «, A*iii lif ni.iin ifirriD*) to 
l-liis, niiii lit lii iii'ili mrtly itll l!i« i .’^'s ill* lu i s •‘liow mj iiP fif 
fTl^in*; {iiln.iit 760*’) t'lTti! i*i iLu •!» wiv'it ;,d 'Hie 

wilMiiiiCi* U flilniMf t») hIvih* ( V„sl), and ci>i,i,.n s ,■*4.73 pur 
ci'jil. of fliloiiiie. 

Tiiti }iRcipj1:it<!il rldoji'l* is lilli >vii ntiil as .'^ui tu* 

HMii 'Ml lt» lipit it befbU'iri p'.irpteif ' 

and iotxjs a ttmidl anioiuit of fblorinf. 

VOLUMETRIC METHOD. ^ 

There wvowl loluwcinV iin-lhml'*; Imt tJmt on thi 
precipioljoi' of rlihiritk iii nrMtiui Holntion, hy lu.-uii.sof « 
etiitnliird fiuiutidii of tdlp’t nilniti.' (n.'.ii;' { utiihsii.m (ihiiuiiinte afl 
indi(iiioj'), is iiTflViTnI. f»il\iTclTwrn:i'« j* n luil'Pnloini.'d paltj, 
Ainl, iiilvov )ii(.r;i,Te i-i liii.s'd i«. u eiilniloti iiothi 

vhlnri.lc and clirotiniK!, tiip do\(:lii]i.\ ‘nl <;l t!it' iVi^ionr luarka 
oiT piiprplv tlie point al ahifi; liif cltluiidt ih iisi^up. Bilveki 
cLrnnt.itiO is dooomptktod utid n'lwfjttfutly dK'nitiri^ 'by rtolutdqa 
of aii^- ohjondv, Tbp soliiii'ju Oir luidhiKl bu neutnlL 



HUOVIXK AXn 
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p 

Rno* frpt rWI pt'vn i ii.t f . m ,'.i .i t«ii »«'l Mlvfi cJimi;' ‘u* 
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(►■ui'li R- T.'.'i*'.’ ‘ ■! •» « y. ’ll >i ;t.< .'ijt'f ■ -jIi 

fl- » t ■■M' ‘ ' 'lljll *1 !•! .1' If I titM' liji' I 1)1 

nn> ’iMi 1 ') I- SI. I 

'/"i ■ II. .,/ .\‘i, '.,',.1 i. •ijn], ly Ii.v 

v'lvw I.- •:]--\ '! ill - • .! I. >' Vf.ii.v .i:.,) 
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ilih'.i'ii I* *. 'i' V,' 'M .J. . *1 fv* ' I* >i i’* 

Inn .!i. : ..I'll • •(*:'•(! > 1 ., iii'* i jtilj i •. 

mil ii.'H ii.' I .ii'i 1 I'* !i ii‘ 1 i ; III' ,'•*.* iM-r 

I ' .1 *• v» 'j. 1 1 *' l!i»* rlji.i'w, !• ir'''i*:iT'ir 

•ii. 1 1< ‘ii«’ .:i*..* '.Ilf ‘I * i- Ill'll I’l.i* Mi'.w 

"•'i'l .1 . 1 ) I • 1 * 1 . • I i.i i';.i 'i 1 „!*i‘i 

iliii: ■; '/ i . ' ' » :i.i‘ "iiloi.i.i I- 111. !»’• . '|i‘ .i(i (. .icil 

lli'l 'I •.( ..! ’* i ii’ I 'll, if ii/iM* 'll* ''.'[['‘r 

I ! .. • ,.*• *> j 'll* i;i ' <.!iij'< j l•^l| >■ ,1 

lu.'iMfcl ' ii-r- 1- 1 i-'.i t ;i* r.i ..I ' n' » j.i .i, .jm |.ij -ii , ,,,] 
i‘:iU'lilii'.'‘ 1 1. .» n ■ >Mh ol ft'/iii iiiJ 'if. .ill*' o'liifiiiii 

o.6'i(.: LT 'll »i ( 1 *. .11 Ji.' ' |» »• •1.1'*» V ■.hui- 

I.' 1 , i ! i.i 

i-'ni 'In < ■•!! I i.u ii'i '1 .,*1 I •; i.'i* ‘iJ.i’s I'lii •i‘*|i* .l■ll•lv 

itiillijL'! '! I*,. :i < .nc* ii i**l« »*' n i .J * li.*' sli« . M'liiiimi 

iMlilnn**! 'I i.nt ••fi* 1. 1 .. l^ -i.imI ".i of * ■ 

knil till '•!*i* II ii.i* iTlii.'ivir ii '.'1 ii I U'li'i * t.'i fiiij. Mii* 
gtjii.'liinK'u ‘'*11 '• If* ‘ly hi'*.i.%i,rii't., •'«! j^i.* i «il 

boU ilMriliiil ri'K)’. .n-iif miiIj ilifuri.i iVtii-ri.i i li'u*. 

UilMMINK AVf> UliUViDES. 

nrnniint* L*If*'<*ly flilfiiini' i;i flu* miiiiif^or cm- 

It 'I n*tl iKViir fit- iu ri idlin', Inn ^ iKv.-i'ni;iMy 
fouinl in u (li sl’U'r ;l^ ik* l ni*!, 

fogi't-Lci will* fl'i'ir.' Ill . Ii lu.iiiily .i>' iilk.Jinii 

biYiiiiMi" i;i it’!*' iM* lull r.il i\;:i ^ NimI'Iv siM tli' iimiiiijii* ,if 
uouuiit ur if* li'i.riili'* liri.im-v (.f ‘.-(tt uoik- - *.1*.^ 





the liquors from which the common salt has been crystiliilflM 
Bromine combines diiractly with the metals, forming a 
salts— the bromides. In ordinary work they are separated 
and (except when specially tested for) counted as, ohlptilS 
They are detected by adding chlorine water to the su^ic^ 
solution and shaking, up with carbon bisulphide. Bron^ 
colours the latter brown. 


IODINE AND IODIDES, 

Iodine does not occur in nature in the free state ; and iodi^SM 
are rare, iodargyrite or iodide of silver ‘(Agl) being the 
one which ranks as a mineral species. lodabas are found assoda^ 
with Chili saltpetre, which is an important source of the elemw 

Iodine and Iodides are largely us^ in the laboratoxy, and b^ 
already been frequently referred to. It is used as an oxidis^ 
agent in a simitap m armor as permanganate and bichromaftodjl 
potash, especially in the determinations of copper, arseni&||H 
mony, and mangane^.. ^ ^ 

*Iodine is not readily soluble in water ; but dissolves eac^^ 
a concentrated soluthm of potassium iodide. Its solution^;^^ 
strongly coloured ; a drop of a dilute solution colours a lera 
volume of water decidedly yellow ; on the addition of starch 
this becomes blue. The delicacy of this reaction is taken adijip 
tage of in titrations to detei^mine when free iodine is pre^m 
The blue colour may be alternately developed and remqy^ S 
the addition of iodine (or an oxidising agent) and hyposuljdutS-p 
soda (or some other reducing agent). In decolorising, the sdrSlii 
changes from blue or black to colourless or pale yellow acco: 
to (^umstanc^ Sometimes the solution, instep of rema 
colourless, gradually develops a blue which recurs in spite o£ 
further addition of the ^ducmg agent. In these case^* 
conditions of the assay have been dep^d from, or (and 
more often the case) there is some substance present o^; 
liberating iodine. 

Iodine forms a series of salts — the iodides — ^resembling ha 
respects the chlorides. These can be obteined by 
bination of the metals with iodine. 

Detection. — Free iodine is best recognise 1^ the vh 
evolved from the solution on heati^, and ly the hlne^^ 
colour which it strikes op the adcbtmh of ^ 

ire detected by boiling with strqi^. solutions ot ^ei^fs 

a ride. Iodine is liberated, dt&tiiled o^«ex4 

>rine also Hberates iodine fronl iii^’dee ^ 
lieqMtlyxMdeuae of in assaying. A proofs 


under Manganese, All substances which liberate chlorine 
beiling with hydrochloric acid (dioxides, bichromates, per 
'ttamganates, &c.) are determined in a similar way. 

;,.Boltition and Separation. — Most iodides are soluble in water 
i^^ute aSids. The sepoiution is effected by distilling the suh- 
Stahoe with solution of feme sulphate, and coiii^oting the vapour 
|h a dilute solution of sulphurous acid or arsenite of soda. On tne 
j^mpletion of the distillation, the iodine will be in the distillate us 
iodide; and the gravimetric determination is made on this. 



GEAVIMETEIC DETEBMINATION. 

■ To the solution containing the iodine, as iodide, and which k 
Iree from chlorides (and bromides), add a little dilute nitric acid 
.and nitrate of silver till no further predpitute is produced Filter 
*off, wash with hot water, and dry. Clean the filter-paper as much 
possible, and bum it. Collect the ash in a weight porcelain 
orudble, add the main portion, and heat to indpient fusion ; cool, 
and weigh. The substance is i^ver iodide, and contains 54.03 per 
cent, of iodine. 


VOLXTMETEIO METHOD. 

1* This is for the titration of free iodine, and is practically that 
whioli is described under Mamganeae, The substance to be deter- 
ndned is distilled with ferric sulphate, and the iodine is collected 
^ a solution of potassium iodide, in which it readily dissolves. If 
l^tc^ crystals separate out in the reedver, more potassiu .1 iodide 
^^dy^ls are add^. When the distillation is finudied, the receiver 
Jl' ^sconnected, and its contents washed out into a beaidl* and 
^iit^ted with ** hypo.” The standard solution of bjrpo ” is made 
ll^'dissolving 19.58 grams of hyposulphite of soda (NaJS,0,.5H,0) 
^i^‘:^ter and diluting to i litre; 100 o.c. are equal to 1 gram or 
1. To standardise the solution, weigh up 0.25 gi^ of pure 
> in a small beaker. Add 2 or 3 crystals of potassium io^de ; 
S; with water ; and, when dissolved, dilute to 50 or 100 ca, 
i and oaloulate the standard. 



JBXDOEINB AND FLUORIDES. 

e is' frequently met with as caidum fluoride or fluor-spat 
It occurs less ahun^tly as crrolite (Na^AIFi), a fluoride 
niton and sodium, which is used in gl^making. CSrtain 
^1%^ fluorides are oocq^onally met with Fluorine is also- 
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found in apatite, and in some silicates, such as topaz, tourmaline, 
micas, <bc. ^ 

Hydrofluoric acid is used for etching gloss and opening up. 
silicates. It attacks silica, forming fluoride of silicon (SiFj, 
which is volatile. Silica is by this means eliminated* from dther 
oxides, which, in the presence of sulphuric acid, are fixed. The 
commercial acid is seldom pure, and generally weak ; and the acid 
itself is dangerously obnoxious. The use of ammonium fluoride 
(or sodium fluoride) and a mineral acid is more convenient. Deter- 
minations of this kind are made in platinum dishes enclosed in 
lead or copper vessels in a well-ventilated place. Fluor-spar is 
useful as a flux in dry assaying ; it renders slags, which would 
otherwise be pasty, quite fluid. Fluorides generally are fusible, 
and impart fusibility to substances with vhich they form weak 
compounds. Their fluxing action does not depend on the removal 
of silicon as fluoride. 

Detection. — Fhiorides in small quantity are easily overlooked 
unless specially sought for. In larger amounts they i 
nised by the propertj^ydrofluoric acid has of etching [ 
w«itch-glass is warmeOji ami a layer of wax is melted 
convex side. ' When cold, some lines are engraved on f 
surface with any sharp-pointed instrument. The subs^ 
tested is powdered ; and moistened, in a platinum d^, Vith sul- 
phuric acid. The watch-glass is filled with col(L|i^er and sup- 
ported over the disH. The dish is then carefully^armed, but not 
suificiently to melt the wax. After a minute or two, the glass is 
taken off, and the wax removed. If the substance contained! 
fluorine, the characters will be found permanently etched on the 
glass. An equally good, but more rapid, test is to mix the 
powdered substance with some silica, and to heat the mixture in 
a test tube with sulphuric add. Silicon fluoride is evolved, and, 
if a moistened glass rod is held in the tube, it becomes coated with 
a white deposit of silioa, formed by the decomposition of the 
silicon fluoride by the water. *This is also used as a test for 
silica; but in this case the substance is mixed with a fluoride^; 
and the experiment must obviously be carried out in a pli^tinpk 



Separation and Determination.-r-The determination 
fluorijie is dif^cidt. In the case of fluorides {r^ from 
(such as fluor-spar), it is determined indirectly by deoom^osu^ 
weight portion with sulphuric add, evapor^ing, igniting, ! 
wdgh^g the residual sulphate. The increase in weight mul^*^^ 
by 0,655 gives the wdght of fluorine. / . » ’ * 

In the presence of silioa this meth(kl does not4>n8WW, I 
of the volatilisation of. silicon fluoride. In these cases 



HitORINBl AND JLDORIDBb. 


3^5 

adopted the following plan, which resembles that for the indirect 
datennination of carbon dioxide. Mix the weighed substance in 
a small flask with powdered silica and sulphuric acid. The mouth 
of, the flasks closed with a cork carrying a tube which is filled, 
• the first half with calcium chloride and the i^:econd half with 
pu^ce coated with dried copper sulphate. The apparatus is 
weighed quickly, and then warmed till decomposition is complete, 
A current of dry air is aspirated for a minute or two ; and the 
apparatus again weighed. The loss in weight gives that of the 
^icon fluoride (SiF^), which, multiplied by 0.7307, gives the 
weight of fluorine. 

^ Fresenius uses the same reaction ; but collects and weighs the 
silicon fluoride. The finely powdered and dried substance is mixed 
with ten or fifteen times its weight of ignited and powdered silica. 
The m^ure is introduced into a small dry flask connected on one 
aide with a series of prying-tubes, and on the other with an empty 
tube (to condense any sulphuric .icid). To this last is joined a 
^p^'-tube containing chloride of calcium and anhydrous copper 
.sulphate. This is directly connected with a series of three weighed 
tubes in which the fluoride of silicon is collected. The last of 
these is joined to another drying-tube. The first weighed tube 
contains pumice and cotton Wool, moistened with water; the 
second tube contains soda-lime as well as (in the upper hp lf of the 
se^nd limb) fused calcium chloride between plugs of wool ; the 
third tube is filled half with soda-lime and half with fused calcium 
chloride. The distilling-flask containing the substance mixed with 
silica is charged with 40 or 50 ac. of sulphuric acid, and placed 
pn the hot plate. Alongside it is placed a similar dry flask con- 
taining a thermometer, and the tempei^ture in this is keji/; at 
150* or ] 60" C. A current of air is' sent through the tubes during 
the operation, which takes from one to three hours for from 
0.1 to I gram of the substance. A correction is made by deducting 
0.001 gi^ for eveiy hour the dried air has been passed through. 
The increase in weight of the three tubes gives the weight of the 
tfjiccm fluoride. 

v ^F^field uses a similar arrangement, but passes his silicon 
^oride into an alcoholic solution of potassium chloride. Silica 
ahd potassium silico-fluoride are precipitated, and liydrochlorio 
^d is set free.* The acid thus liberated is titrated, with a stan- 
Oa^ solution of alkali, in the idcoholi(^ solution, and from the 
^ount of free acid found the fluorine is calculated. The weight 
SF hydrochloric add (HOI) found, multiplied by 1.562, gives the 
l^djfht of the fluorine. With this method of working, fewer IJ-tubes 
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ire required, fhe exit tube from the Jflask is bent so as to 
Form a small V, which is kept cool in water ; this is directly Oon- 
aected with the U -tube containing the alcoholic solution of potafih 
jium chloride. The flask .with the assay is heated for about<t\^o 
[lours, and a current of dry air is aspirated throughout the detoc^ 
mination. Fluoride of silicon is a gas not easily condensed to « 
liquid : but is immediately deoompoi^ by water or moist air. 
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CHAPTER XVI. 

6ULFHUB AND SULFHATEB 

juLPHUR occurs native in volcanic districts, and is mined in SicQy, 
taly, and California in considerable quantities. . Combined with 
metals (sulphides), it is common in all mineral districts. Iron 
pyrites (FeS,) is the most abundant sotiroe of this element. 
Sulphates, such as gypsum, are fairly common, but have no value 
go far as the sulphur in them is concerned. In coal it exists tis 
an impurity, occurring partly as a constituent of organic com- 
pounds. 

Sulphur, whether free or combined with metals, forms, on burn- 
ing, sulphurous oxide (SO,), which by the action of oxidising agents 
and water is converted into sulphuric acid. It forms two oxides, 
sulphurous (SO,) and sulphuric (SO,), which combine with bases 
to form sulpmtes and sulphates. Sulphites are of little importance 
to ^e assayer, and are converted into sulphates by the action of. 
nitric add and other oxidising agents. 

The native sulphides, when acted on with hydrochloric acid, give 
gS sulphuretted hydrogen ; with .nitric acid or aqua regia, sulphates 
are formed, and more or less sulphur separated. 

Sulphur is detected in sulphides hy the irritating odour of 
. sulphurous oxide given off on roasting, by the evolution of sulphu- 
' retted hydrogen when treated with hydrochloric Add, or by a 
white precipitate of barium sulphate formed when barium chloride 
is added to the regia soludon. 

J>Ty Assay .—There is no method of general application. Free 
native sulphur may be volatilised, condensed, and weighed, but 
l^^tes only gives up a portion of its sulphur when heated in a 
/4osed vessel, while most sulphides, and all sulphates, give up 
l^e at all. 

: In the determination of sulphur in brimstone, lo grams of the 
L substance axe tahen, placed in a small porcelain dish, heated over 
^'4 Bunsen burner in a well^ventilated place, and ignited. ^fThen 
sulphur has been completely burnt off, the residue *(whidi 
|!^^|pndsts chiefly of sand) is and weighed. In a si^arate 

the moistp^e and luSenio are detenomed ; the amounts d 
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these are deducted from the loss in the first expenmeiii. 'fhe 
difference, multiplied by lo, gives the percentage of sulphur. 

WET METHODS. 

Solution. — All sulphates, excepting those of lead, barium, 
sti-ontium, arid lime, are soluble in watoi* or dilute acid. All 
sulphides, exc('pt (unnabar, are converted into sulphates by the 
action of nitric acid at a gentle heat ; or, better, by the action of ^ 
a mixture of three volumes of nitric acid .'iiul one volume of 
hydrochloric acid. This last attacks cinnabar as w(ill. With most 
substances it is dilficult to convert the whole of the sulphur into 
sulphuric; ixcid. The sulphur separates out at first as a dark 
spongy mass, which (on continued treatment) changes to light- 
coloured flakes. When the solution becomes concoiiirated and 
the t('mpcrature rises^ sufficiently, the ‘uilphur fuses into one or 
more honey-coloured globules which, owing to the small surface 
they oppose to the acid, are very slowly oxidised. It is not 
desirable to assist the foi^ialion of tliese globules ; therefore, the 
temperature is kept as lo”' as possible, and strong nitric acid is 
used. When such globules form, it is best to allow the solution to 
cool, when the globules will solidify. They can tlien be filtered 
off and picked out from the insoluble residue, diied, weighed, 
ignil.ed, and agaifi weighed, the loss being counted as sulphur. 
With iron pyrites this difficulty seldom occurs. , 

Metallic sulphides when fused with an excess of nitre are com- 
pletely oxidised. Jf the ore is rich in sulphur, some ineit body 
(such as sodium chloride, or, better, .sodium carbonate) is added to 
dilute the action. AVith pure sulphur, the action is so energetic 
as to c^use an explosion, so that ©ire should be taken. With 
burnt ores (incompletely calcined pyrit.<‘s), there is sufficient oxide 
of iitm present to prevent too rapid action. 

These fusions with nitre are best conducted in a platinum dish 
covered with a piece of platinum foil. The ore is ground with the 
nitre to ensure complete mixing. The heat need not be excessive, 
so that a single Bunsen burner placed beneath the dish will 
suffice ; if the bottom of the dish is seen to be red-hot, it is suffi- 
cient. On cooling and extracting with water, the sulphur will 
pass into solution as potassium sulphate, which is then filtered off 
from the insoluble oxides of iron, copper, iSisc. The filtrate, after 
having been treated with a* large exosss of hydrochloric acid, 
evaporated to dimness, and re-di^lved in water, is ready for the 
determination. 

Lead^sulphate may be dissolved bjr boiling with ammonium^ 
acetate.** The insoluUe sulphates of bmum, strontiun^ and lime, 
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are decomposed by fusing with 4 or 5 times their weight of “ fusion 
mixture.” The alkaline sulphates are then dissolved out with 
water, and liltenid oii from the insoluble residue. The filtrate is 
rendered j^cid with liydroediloric acid. 

Soparation. — The determination of the ihiiric acid in these 
Solutions by precipittition with barium chloride also serves .as a 
separation ; but in hot acid solutions containing copper, and more 
especially ircai-salts, the Iwiric sulphate luis a strong tendency to 
carry dorm amounts of tliose bodies, varying, no doubt, with the 
comlilions of the precipitation. Boiling hydrochloric acid fails to 
completely extract tliem. JVlonjover, the use of hot concentrated 
hydrocliiorio acid causes a loss by dissolving barium sulphate. 
Nit**ic acid and nitrates must he decomposed by prolonged boiling 
and evaporation with hydrochloric acid. Th"> iron may be removecl 
by adding a slight exc(?ss of ammonia to the faintly acid solution, 
filtering off, and washing the pr(»cir)itated ferric hydrate with hot 
water. By sliglitly acidulating the filtiate with hydrochlonc 
acid, it will be londered ready for the determination. 


GBAVIMETBIC METHOD. 


'Has assay is one of those whi<'h strikingly show's the necessity 
of getting the assiiy solution under proper conditions, in order to 
obtiiin satisfactoiy results. The mctliod lias been repeatedly iii- 
vcstigateil, and tlie conclusion arrived at, ‘Mhat it can be correct 
only by accident.” Yet there are many ciiomiste who get good 
results, and place considerable faith in its a,(*cur<u;y. '"his con 
only be due to dilHu’ences in the manner of working. It is gene- 
rally understood that nitric a‘*id or nil-rates must be absent 4 and 
our experience fully ctonlirms this. Precipitations in nitrate solu- 
tions are worthle ss, as the following experiments show. In each 
experiment the bulk of tlie solution was 150 c.c. The solutions 
contained 10 grams of nitre, were fieely acid with hydrochloric 
acid, and were precipitated (while boiling) with sliglit excess of 
baiic chloride. 


Sulphuric acid taken 
„ found 

„ taken 

„ found 


, 0.020 gram 0.050 gram o.itx)gram 

. o.oiy „ 0.047 „ 0.098 „ 

. 0500 „ 1.004 „ 1.000 „ 

. 0.526 „ \ 126 „ 1.126 „ 


All the preci[)ifatcs woi'e boiled tvifli hydrochloric acid, and 
^horougldy wa.shed bc^fore weighir^g. The rcisults of some other 
experiments on this subject are given under “ sulphur ” ifi the 
** examination of commercial copper,” page 207. 

The solution having been ollUuned free from nitrates and cblo- 
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rates (and containing' hut little free hydrochloric acid), is largely 
diluted, heated to boiling, and precipitated with a moderate ex(;ess 
of a solution of chloride of barium (8 paits of the crystallized 
barium chloride are sufficient for i of sulphur). It is , allowed ,to 
settle for halfnan-hour, and then decanted tlmough a lilter. The 
precipitate is shaken up with boiling water, rendered slightly acid, 
filtered, washed, dried, ignited, and weighed. The ignited pre- 
cipitate, when pure, is white, and is not decomposed at a red heat; 
it is barium sulphate (BaSOJ,and contains 13.73 
phur, or 34.33 per cent, of sulphuric oiddo (SO,). 

Determination of Sulphur in Psrrites. — Weigh up half a 
gram of the dried and powdered sample, and treat with 10 c.c. of 
a mixture of 3 volumes of nitric acid and i volume of liydrochloric 
acid, occasionally heating. ISvaporate to dryness, treiit with 5 c,c. 
of hydrochloric acid, and again evaporate ; take up with i c.c. of 
hydrochloric acid and 100 c.c. of hot water, filter through a small 
filter, and wa.sh. The residue may contain sulphates of lead, 
barium, or lime ; it mu^t be separ/iteJy examined, if the totaJ plj • 
phur is wanted. The filtrate is hefited, and rendered 
alkaline with ammonia. Filter off the precipitated ferric hydrate 
through a quick filter, and wfusli with ho(» water. If necessa^, 
evaporate the bulk to about 200 c.c.,, render faintly acid with 
hydrochloric acid, and add 20 c.c. of solution of bvium chloride ; 
allow to stand for half-an-hour, and decant through a filter, : 
Wash with hot water, dry, ignite; and weigh* Pure pyrites con* ■ 
tains 53. 33 per cent, of sulphur. 

VOLUMETEIO MEftHOD. 

This is based upon the easy conversion of all sulphur compounds 
into sulphates by fusion with nitre or by oxidation with nitric 
acid; and on the determination of the sulphate formed by titra- 
tion in an acetic acid solution with baric chloride.* The fGjishing 
point is determined by filtering off portions of the assay solution, 
and testing with sulphuric acid. A slight excess of baric chloride 
will cause a precipitate. - 

The process may be divided into — (i) the preparation of the 
solution, and (2) the titration. 

Preparation of the Solution,— Woigh up from i to 5 grainy- 
ot the dried and powdei^^d substance, and mix intimately witlb^ 
4 grams of powdered nitre ; clean out the mortar with andih^^s 
graiq. of nitre, and add this as a cover. Heat in a platinii| 4 ^ 
crucible for fifteen minutes at a low temperature ; com, 

• BaOl, + Na,SO, « 'BaSO, + aNaOl 
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tract witti water in an evfipuratingHlitjh about 9 inches across, and 
holding 700 or 800 c.c. Add 10 grains of sodium acetate and 
ID C.C. of acetic aei-]. and dilute to half a litre. Boil. The solu- 
^on is ready for titrating. Substances wliich lose sulphur on 
heating (such as pjTitos) are thus treated : -Weigh up i gran., 
and evaporate nearly to dryness with 10 c.c. each of niti ic and 
hydrochloric acids. Take up ^^'ith i o c.c. of hydrocidoric acid, and 
again boil down to a small bulk ; dilute and transfer to a 9-inch 
evapoTvding- dish ; add 10 giums of sodium acetate and 5 c.c. of 
acetic acid, dilute to half a litre, and boil. The solution is ready 
for titrating. »Sulj>hates may bo dissolved up in the dish itself 
with the^ help ol a c.c. or so of hydrochloric acid j sodium acetate 
and acotic arid are ihon added ; anu, after dilution and boiling, 
the solutions are at 02ice titrated. 

Ihe solution before titration must contain no freo mineral acid, 
but 5 or 10 c.c. ot ac(‘tic acid should be present. Tt must contain 
10 grams of sodium acetate, or sulticient to convert any free 
inineral acid into its corresponding sodic salt ; or, if chlorides, 
nitrates or sulphates of the rac'tals are present, sufficient to de- 
compose them. ]f a precipitation occurs, as is the case with 
ferric salts, etc., the solution is titrated with the precipitate in it. 

The Titration. — 77 ie standard solution of barium cUlwidt 
76.25 grams of the crystallized salt 
m dLstillcd water, and diluting to i litre. 100 c.c. 
will cxpial I gram of sulphur. As indicator, use dilute sulphuric 
acid. The strength of the solution may be checked by the titra- 
tion of 5 grams of ferrous sulphate (oxidized with permanganate 
of potassium or a few drops of nitric acid), wliich shomd require 
57.5 c.c. of the b.'irium cldoride solution ; or any pure sulphate 
of known composition can be used ; anhydrous salts should be 
prefeiTed. 

Kll an ordinaiy loo c.c, burette with the solution of barinin 
chloride. The evaporating dish containing the assay solution is 
placed on a round burner (as shown in fig. 65), and the solution 


mtm 


Fio. 65. 

ll kept steadily boiling. An ordinary Bunsen-bumer will 
Muse bumping, and should'not be used. Run in the standard 
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solution in quantity known to be insufficient ; then withdraw a 
portion of about 2 c.c., with a pipette, and filter through a fine 
filter-paper into a test tube. Hun in another 0.5 c.c. of the 
standard solution, and witlidiuw and filter into a t^st tub^ 
anotlier portion of 2 c.c.; and ctnd inue this operation in\til half-Or 
dozen or moie portions have been drawn off. Tlie test tubes 
should 1)0 arranged in oi‘der in a stand resting on a piece of paper, 
so that e.‘K!h t,est tube representing 0.5 c.c. of the standard baric 
chloride may have its value recorded beneath it (fig. 66). Add to 
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eirch test tul.)o 3 drops of dilute sulphuric acid ; that which shows 
the first appeiiranco of a precipitate marks the point at which the 
titration is complete. Suppose, for e.^,niple, tJjat the test tube 
mai'ked 48.5 c.c. sliows no precipitate, while that at 49.0 c.c. 
shows one, it is evident that the finishing point lies between these 
readings. With a little practice, one can judge from the appear- 
ance f)f the precipitate in the 49 c.c. tube, whether \ c.c. should 
be deducted or not. 

It is better’ to add dilute sulphuric acid, and to watch for the 
appearance of a precipitate in the test tube, (lian to add baric 
chloride and to look for its non-ai)pe^irance ; besides, baric chlo- 
ride is ifiuch less likely to be prc.sent in a test tube as impurity 
than sulj)hates ui’e. In this way tho chance of error from what 
are termed ^'accidental causes” is diminished. 

The following expt'iiments show the eflect of variation in the 
conditions of titration 

Make a slavukird solution of wlphuric acid by diluting 43.65 
giums of sulphuric acid (sp. g. 1.6165) to i litre : 100 c.c. will 
contiiin i gram of sulphur. An equivalent solution may be 
made by dissolving 100.62 grams of sodium sulj»hnte crystals 
(Na,SO^. loTl , 0 ), or 86,88 grams of ferrous sulphate ( FeSO^. 7 H, 0 ), 
in water (oxidising the latter), and diluting to i litre. 

The oriler in which thcsC experiicent^ are given is that i» 
which they were made in an in^H‘sUg:Uion into the conditidite' 
diider which the titration could most aec. irately he effected.. 

Effect of Hydrochloric and Nitric Acids, —The titoTitioiDi 
were performed in the manner ali'eiAdy desciibed, but socUc aoe* 
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tate and acetic acirl were absent. Twenty c.c. of the standai-d 
solution of sulphuric acid wtire used. 

Hydrochloric acid present 0.0 c.c. i.oc.c. 2.0 c.c. 5.0 c.c. 

“ Baria chloride ” required 20.0 „ 20.0 „ 19.7 „ 12.5 „ 

Nitric acid present . . 0.0 c.c. 1,0 (5 .l. 2 0 c.c. 5.0 c.c. 

“ Baric chloride ” required 20.0 „ 19.5 „ iS.o ,, . lo.o „ 

Tlieae show cl(«uly the interference of free juineral acids, 
although very dilute liydroohloric acid (i c.c. in 500 of water) 
has no etl'ect. 

Effect of Acetic and Citric Acids. — A similar series of 
experiments \v-ith these acids gave the following results : — 

Acetic acid ]iresent . . 0.0 c.c. 5.0 c.c. 50.0 c.c. joo.o c.c. 

“Baric chloride” required 20.0 „ 20.0 20.0 „ 20.0 „ 

Citric acid present . . . o gram i gram 5 grams 

“ Baric chloride ” required , 2C.o c.c. 20.0 c.c. 20.0 c.c. 

Tliese acids do not interfere. 

Effect of Sodic Acetate and Acetic Acid. — In each of 
these cxporiinont-s 5 c.c. of acetic acid was present. 

Sodium acetate added . ograin i gram lognims 50 grams 

“Baric chloride ” required 20.0 c.c. 20.0 c.c, 20.0 c.c. 20.0 c.c. 

As sodic acetate and acetic acid did not intr^vfere, it became 
desirable to make some experiments on the finishing point. The 
first object sought for was thq smallest amount of tin? standard 
baric chloride in 500 ex. of water, required to give an indication 
when tested in the manner already described. 

Conditionii of XnhOf Solutioa 

Water only 0.05 c.c. 

With 10 grams of sodium acetate and 5 c.c. of 

acetic acid 0.05 „ 

The siime with 5 grams of nitre . . . . o. 10 „ 

Like the last, but with 5 grams of salt instead of 

nitre 0.10 „ 

These show that as small an amount of baric chloride solution 
as is equal to only 0.000002 grom of sulphur in the 2 c.c. of solu- 
tion tested yields a decided precipitate on the addition of 3 drops 
of sulphuric acid. 

To determine whoth|r the same ifinisiung point is obtained 
on testing the filtered portions in the test tubes with baric 
chloride as is obtained on tf siiiig with sulphuric acid, a titra- 
tion was made \\iih 20 c.c. of standard solution of Bulfiburic acid, 
together with the usual qtiantities of sodic acetate and acetic 
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acid ; and two lots of 2 c.c. each were filtered into two sets of 
test tubes after each addition of the standard baric chloride. To 
one series 3. drops of baric chloride solution were added, and to 
the other 3 drops of sulphuiic acid. The results were— , 


Baric Chloride " added. 

19.5 C.C. 

J9-7S .. 

20.0 „ 

20.25 „ 

20.5 „ 


With Dilotc 
Suljduiric Awd, 

Clear 

Cloar 

Finished 

Cloudy 

Cloudy 


With Baric 
Chloride Solution. 
Cloudy 
Cloudy 
Finished 
Clear 
Clear 


The two methods of testing give the same result. But this 
bahiuce is disturbed in the presence of much nitre, the indica- 
tions with baric chloride being disturbed by an opalescence for 
some c.c. beyond the fini.shing point. In solutions containing - 
free hydrocliloric or nitric acid, a precipitate is obtained wdth •' 
either baric chloride or sulphuric acid. ; 

Effect of Varying Sulpbiur. — In these and the subsecjueht 
expeiiments the tiira 4 ons were perh.rmed in the presence of 
10 grams of sodic acet ilo and 10 c.e. of aitotic acid in the manner 
alraidy described. 

Standard sulphuric 

acid used . . 5.0 c.o. io.oc.0. ataoo.o. 50.0 c.o. 100.0 c.c. 

“Baric chloride” 

required . , 5.0 „ lo.o „ 20.0 „ 50.0 „ 100.0 „ 

Effect of Varying Tompeiature.—Witli 5 c.c. of Bt.andard 
sulphuric acid titi-ated at is** 0., 5 cx. of baric chloride were 
required ; but with larger quantities the results were altogether 
unsatisfactory when titrated cold. 

Effect of Varying Bulk.— 

Bulk . . ioaoc.c. 200.00.0. 500.0 c.c. 1000.0 c.0.' 

“Baric chloride” 

required . 2ao „ 20.0 „ 2ao „ 90.5 h 

Considerable variation in hulk has no effect, but 500 c.c. is the- 
most convenient volume to work with. It is well to occaflionaH^ 
replace the water boiled off during titration. ^ , 

Effect of Foreign Salts. — ^In all these experiments 
of sulphuric acid ” were used, and the titration wiw performed 
the ordinary way. 

Sodic chloride added . . 0 gram 5 grams 10 gratni 

“fBaric chloride ” required 20.6 0.0. 20.o c.c. 19.7 0.0. 

J.mnmic chloride odded . ogram 5 grams 10 grams 

“ Baric chloride ” required sox c.Oi^ 20.0 c.o. 19.^ ox. 
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Calcic chloride addo/^. . 0 gram 
** Baric chloride ” required 20.0 c.c. 

• 

^inc chloride added . , 0 gram 

** Baric chloride ” required 20.0 c.c. 

Ferrom chhride added , 0 gram 

“ Baric chloride ” required 20.0 c.c. 

J €TTic chloTule added , 0 gram 

“ Baric chloride ” required 20.0 c.c. 


Copper I'hhride arlded . o gram 
“ Baric chloride ” required 20.0 c.c. 

Pokmic nitrate added . o gram 
“ Baric chloride ” required 20.0 c.c. 

PoUmic nitrite added . o gram 

“ Baric (diloride ” required 20.0 c.c 

Sodie phosphate added . ograin 
“ Baric cMorido ” required 20 o c.c. 

Sodic arsenate added . o gram 
“ Baric chloride required 20.0 c.c. 


1 gmm 
20.0 c.c. 

2 pframn 
19.2 c.c. 

5 grarai 
19.0 c.c. 

I gram 
20.0 c.c. 

3 grams 
20.0 c.c. 

5 grams 
20.0 c.c. 

1 grak 
19.7 c.c. 

3 grams 

19.5 C.C. 

5 grams 

19.0 C.C. 

I graiQ 
20.0 c.c. 

grarLh 
20.0 ...u. 

5 grams 
2C.0 c.c. 

1 gram 
20.0 c.c. 

3 gnim.s 
20.0 c.c. 

5 grams 
20.0 c.c. 

I gram 
'*0.0 c.c. 

5 grams 
20 0 c.c. 

10 grams 

19.0 C.C. 

I graiQ 
20.0 '.C. 

5 grams 
20.0 0.0. 


I gram 
22.5 C.C. 



I gram 
20.5 C.C. 




In the absence of ferric salts, pl)osphate» and arsenates count 
as sulphur. 

lu two series of exporiment-s for determining the effect of varvin® 
amounts of sulphm- in the fonn of ferrous sulphate, we obtained 
the following i*esults : — In the first scries the assay solution was 
prepared in the manner we have described for Pyrites ; and in the 
second series, by fusion with nitre. 


Sulphur added . . , 0.050 gram 

“ Baric chloride ” required fi) 5.0 c.c. 

** ft (2) 4.7 „ 

Sulphur added . . , 0.500 gram 

“ Baric chloride ” required (i) 50.0 c.c. 

» .1 (2) 50.0 „ 


0.100 gram 
lo.o c.c. 
lo.o „ 

1. 000 gram 

100.0 C.O. 

100.0 „ 


0.200 gram 

2%0 O.C. 

20.0 „ 


More than 5 grams of nitre must not be used in an assay • 
and, since the requisite amount of nitre considerably exceeds 
that sufficient to oxidise the sulphur, not more than 0.5 gram of 
unoxidised sulphur should be present in the portion of the 
sample weighed up for determination. When the amount of 
sulphur present is not know-n within reasonable limits, the test 
portions may be tried with a drop of baric chloride solution 
instead of sulphuric acW, so that the diminishing quantity of 
p^pitate may give warning of an approach to the 

Determination of Sulpjiur in Blendo.— Weigh up i gram 
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of dried and powdered blende, and mix and fuse with 5 grams of 
nitre in tlie manner described. Place the dish and its contents 
in the titrating-dish, cxti'act with water, add 10 giums of sodium 
acetate and 10 c.c. of acetic acid, remove and wash the platinum- 
iish, and dilute to 500 c.c. ; boil and titrate. In thb examflie, 
duplicate determinations required («) 32.0 c.c., {h) 32.25 c.c., 
giving an average of 32,1 per cent, of sulphur. 

Determination of Sulphur in Chalcopyrite (Yellow 
Copper Ore). — Take i gi'am of the tiucly-}>owdered wimple, and 
5 gi’ams of nitre. kSprinkle a little of the nitre in a small Wedg- 
wood mortar, phice the ore on it, and cover with 2 or 3 grams more 
of the nitre. Kub up together, and transfer to a small porcelain 
dish ; clean out the mortar with the rest of the nitre, and add to 
the contents of the disli. Cover with a piece of platinum foil, and 
heat gently with a Bunsen burmr till the nitre melts and the stuff 
shows signs of deflagrating; remov(‘ the h<*at, and allow the 
action to go on by itself for a minute or so, then beat over the 
Bunsen burner lor 10 minutes. Cool ; transfer the whole to the 
titrating* dish ; boil witl^^^o c.c. of waiter; remove the small dish 
and foil ; add sodic acetate .and acetic acid, am! titrate. 

For example, i gram ri'quiml 34.5 c.c. of “barium chloride” 
(standard = 1.005 gram S), which is oipii valent to 34.7 per cent, 
sulphur. The theoretical percentage is 34.8. 

Determination of Sulphur in Chalcocite (Grey Copi)er 
Ore). — Proceed as iii the last exj)eriment, but, since the action with 
nitre is more moderate, no special j>recautions need be takeii on 
heating. A platinum dish may be used. 

An example which w'as hejited for 30 minutes required 20.5 c.c. 
of the baiium chloride solution. This is equivalent to 20.6 per 
cent. O' sulphur. The theoretical yield is 20.2 per cent. 

Determination of Sulphur in Pyrites.— Take i gram of 
the finely-powdered sample, cover with 10 c.c. of nit ric acid, and, 
when action has ceased, evaporate to a small bulk. Add 3 or 4 c.c. 
ofr hydrochloric acid, and again ev.Mpor.-ite to a paste. Take up 
with I or 2 C.C. of dilute hydrochloric acid, dilute with water, 
transfer to a titr.ating-dish, add 10 grams of sodic acetate and 5 c.ei 
of acetic acid, and dilute with w.aler to 500 o.c. Boil and ^ 
titrate. '' ,, 

An example with i gi-am of a pure crystallized pyrites required 
52.7 e.c. of the barium chloride jolution, which is equivalent ta.f 
53.0 per cent, of sulphur.* Theory requires 53.3 per cent. 
sulphur. ^ 

Deltermination of Sulphur in Mispickel. — ^Take 1 grahn,^ i 
of the powdered ore and evaporate with 10 c.c. of nitric acid, and 
take up with 3 or 4 c.c. of hydiochloric acid. K any globules d. . 
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sulphur remain, again evaporate with nitric acid. Dilute, and 
t^sfer to tfce titra ting-dish. Add lo grams of sodic acetate, 
d?lute with water, b( and titrate. The mispickel carries (accord- 
ing to theory) exjictly sufficient iron to precipitate the arsenic as 
Terric arsenate in an acetic a(;id solution, so r ^ more iron need be 
added. The ferric arsenate will separate out as a yellowish-white 
flocculcnt precipitate. 

An example required, in duplicate experiment, 1S.5 c.c. and 
18.7 c.c. of barium chloride, equivalent to 18.7 per cent, of sulphur. 
The formula, FeS,,FeASj, requires 19.6 percent., but the sulphur 
generally varies considerably from this amount. 

Determination of Sulphur in Burnt Ores.— Take 5 grams 
of the dried and powdered oro, and rub up mth 4 grams of nitre ; 
transfer to the platinum -dish ; clean out the mortar with another 
gium of nitre, and add this as a cover. Ihat, and extract with 
water as before ; add the sodium acetate apd acetic acid ; and 
titrate. Burnt ores carry from ^5.5 to 5 per cent, of sulphur. A 
series of four determinations gave : — 


•‘Baric Chlorwle ” Jiequired. 
12.6 C.C. 

29.9 M 

I8.I „ 

22.0 „ 


Pcrceiilagc of Sulphur. 

2-52 7p 
5-98 

3 62 „ 

4.40 « 


QraTimetric BmoIUi. 

2.457. 

5.84 .. 


3.53 » 
4.43 »> 


For ores carrying less than i per cent, of sulphur, take 10 grams 
for tljjB assay. 

Determination of Sulphuric Oxide (SO,) in Sulphates.— 
When the sulphur exists in the sample received by the a'^-sjiyer in 
an oxidised state as sulphate, it is usual to report it in terms of 
sulphuric oxide (SO,). In this case, the metal must be 
reported as oxide. For example, an analysis of copper sidphate 
would be thus reported : — 


Oxide of copper (OuO) * 
Sulphuric oxide (SO.) , 
Water . . 7 . 


• • • • 31-8 /, 

. . . . 32.1 „ 

• • . . 36.1 » 


100.0 

The perwntage of sulphur multiplied by 2.5 gives the percentage 
of sulphuric oxide. Thus a sample of copper sulphate containing 
12.85 per cent, of sulphur will contain 12.85 2.5, or 32.12 per 
lent, of sulphuric oxide. 

^ In minerals and metallurgical products, it is common to find ihe 
sulphur in both conditions— t, ., as sulphate and sulphide. 
Generally in these the percentage of sulphur only is wanted ; but 
, this will depend entirely on commercial requirements, and not on-. 
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the fancy of the assayer. Soluble sulphates are determined 
separately by extracting with small quantities of coM water, so as 
to avoid the separation of basic sulphates, or, if the sulphid«}8 
present are not at the same time attacked, by dilute hydrochlorio^ 
acid. Lead sulphate may be extracted by boiling with ammonio „ 
acetate ; whilst baiium, stronlium, and, pei'haps, calcium sulpliate* 
will be mainly found in the residue insoluble in acids. 

Weigh up from 2 to 5 gi*ams of the material according to the 
amount of sulphur judged to be present, and dissolve thorn in the 
titrating-dish with 1 c.c. of hydrochloiic acid and 50 c.c. of water. 
Add 10 grams of sodic ac*etate, and 10 c.c. of acetic acid; dilute, 
boil, and titrate. In the case of ferric salts, half the quantity of 
acetic acid will be better, as then the fenic iron will be precipi- 
tated, and a colourless solution will be loft, in which the end re- 
action is more readily distinguished. 

Deteimined in this way, 5 gram samples of the following salts- 
gave the results indicated below : — 


Salt. 

” Darium Chlorida** 
required. 

Snlphuric Glide. 

Copper sulphate 

• 64.25 C.O. 

... 32.12 V. 

Magnesium sulphate 

• 6^23 „ 

... 32.62 „ 

Zinc sulphate . 


... 28.12 „ 

Ferrous sulphate 

. 58.25 » 

29.12 „ 

Sodium sulphate 

. 5'.25 « 

25.60 „ 


Determination of Sulphuric Oxide in Barytes (IJeavy 
spar). — Fuse 2 grams of the powdered mineral with 5 grams of / 
“fusion mixture” for five minutes; and, when cold, extract with 
water. Filter, acidulate the filtrate with an excess of 10 c.c. of 
acetic acid, dilute, boil, and titrate. For example, a transparent 
crystallised sample required 27.0 c.c. of baiium chloride, which is 
equivalent to 13.6 per cent, of sulphur, or 34.0 per cent, of sul- 
phuric oxide. Theory requires 34.3 per cent, of the lattenv 
Since both carbonate of soda and potash are liable to contain,, 
sulphates, a blank determination should be made ou 5 grams pf ] 
the “ fusion mixture,” and the amount found be deducted fi^oht'^ 
that got in the assay. 


PRACTICAL EXERCISES. 

I. The price of enlphcr in an ore being 4id. per unit In tbe nq||a|pf^ 
markets, what woal 4 -be the price of a ton of ore 
49 per cent, of snlphur f Whet woi!ild be the effect on 
of an error of 0.25 per cent, in the assay ? 
t. Pyrites carries 50 per cent, of sulphur, and on oaloining yklds 76 
cent, of its weight of burnt ore. Supposing the burnt ore 
15 p^r cent, of siilphnr, what p^opo^on of the Jdkhor will hml 
n 4 n removed in the calcining 7 
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. 3. How would blende compare with pyrites as a source of sulphur foi 
sulphuric acid making ? 

4. How woulfl you determine the percentage of sulphuric oxide in a 
^mple of gypsum ? What is sulphuric oxide, and what relation 
« do^ it bear to s^hur ? 

J, A mineral contains 2^7 per cent, of water, 32.4 per cent, of lime, and 
18.6 per cent, of snlplmr. What is its probable composition ? 
What experiment would you try to determine the accuracy of 
your conclusion t 


SKLENIUM 

occurs in nature combined with copper, mercury, and lead, in 
certain rare minerals. In small quantities it is found in many 
ores. ^ It is detected in solution by the red precipitate produced 
^ on boiling tlio add solution with sodium sulpliite. This reaction 
is used for its determination. 

Solution.— The solution is effected by boiling with nitric add 
or aqua i^gia., or by fusing with nitre. To sepjirate the selenium, 
the solution is evaporated with an excess of hydrochloric acid and 
a Httle soilium or potfussium chloride. This destroys any nitric 
add that may bo present, and reduces selenic acid (lI,SeOJ to 
selenious (Il,SeO,). The solution is diluted with water, and 
treated with a solution of sulphite of soda. It is warmed, and at 
last boiled. Tlie selenium separates aa a red precipitate, wliich 
f on boiling) becomes denser and black. It is collected on a weighed 
mte^ washed with hot water, dried at 100* C., and weighed as 
pure selenium. 

Selenium ^n be precipitated with sulphuretted hydrogen as a 
fulphide, which is readily soluble in ammonium sulphide. This 
sulphide may be oxidised with hydrochloric add and chlorate of 
potash ; and the selenium separated in the manner describdU. 

TELLUKIUM. 

Tellurium occurs in natu-»-e, native, and in combination with 
jpold, silver, bismuth and lead. It is sometimes mot with in 
assaying gold ores. It may be detected by the purple colour it 
kuparta to strong sulphuric acid when dissolved in the cold, and 
by the black precipitate of metallic tellurium which its solutions 
on treatment with a reducing agent. Telluric add is re- 
duced to tollurouB ^with evolution of chlorine) on boiling with 
lydrochlnric add. ^ • ’ 

. Solution is effected by boiling with aqua regia, or by fusing 
Ifith nitre and sodium carbonate. • 

flephratiou. — ^Tellurium closely resembles selenium in its re- 
lidtijpns. It is separated and determined in the way, 
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it it forms a sulphide soluble in ammonium sulphide., It is dia^ 
tinffuishecl from selenium by the insolubility, in oa sdution of 
cyanide of potassium, of the metal precipitated by sodium 
phite: whereas selenium dissolves, forn^g a soluble pota^io 

FortKetermination, solution is effected by fusing with nit^ 
and sodium carbonate, dissolving out the tellurate ot potash with 
water, and boiling with hydrochloric acid. Tellurous compounds 
are formed, with evolution of chlorine; and the solution, on 
treating with a reducing agent (such as sulphurous acid or 
stannous chloride), yields metallic tellurium; which is washed, 
dried at lOO* 0., and weighed. 


* Se + KCy = KOySe. 



CHAPTER XVn. 

ARSENIC, PHOSPHORUS, NITROGEN. 
ARSENIC. 

The chief source of the arsenic of commerce is arsenical pyrites, 
or mispickol, which contains about 45 per cent, of ai’senic (As). 
Arsenic also occurs as a constituent of several comparatively rare 
minerals; and, as an impurity, it is very widely distributed. 
White arsenic is an oxide of ai’senic, and is obtained by roasting 
arsenical ores, and refining the material (crude arsenic), which con- 
denses in the fiues. Ai’senic itself is volatile, and many of its 
compounds have the same property. It forms two well-defined 
series of salts, corresponding to the oxides ; arsenious oxide (As^O^), 
and arsenic oxide (ASjOg). Those combine with bases to form 
arsenites and arsenates respectively. Boiling with nitric acid 
converts the lower into the higher oxido ; and powerful reducing- 
ageAts, such as cuprous chloride, have the opposite cflect. 

Arsenic may be detected by dissolving the substance in hydro- 
chloric acid, or in aqua regia (avoiding an excess of nii.ric acid), 
and adding a little of this solu- 
tion to the contents of a small 
flask in which hydrogen is being 
made by the action of zinc and 
hydrochloric acid. The ignited^ 
jet of hydrogen assumes a blue 
colour if arsenic is present, and 
a cold porcelain dish held in the 
flame (fig. 67) becomes coated 
with a dark deposit of metallic 
arsenic. Antimony produces a similar effect, but is distinguished 
by the insolubility of its deposit in a cold solution of bleaching- 
powder. ^ • 

Arsenites are distingiushed by the volatility of the chloride ; by 
decolorising a solution of peumonganate of potassium, ejnd by 
immediately giving a yellow precipitate with sulphuietted hydrogen. 
Arsenates are distinguished (after converting into soda salts by 
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boiling with carbonale of soda ond neutralising) by giving with 
nitrate of silver a red pi-eeipitate, and with “ inagneihi mixture’^ a 
wliite crystalline one. <« 

Dry Assay. — Thei-e is no dry assay wdiich is trustworthy. TJhe 
following method is sometiuies used to find the proportion of 
arsenious oxidci in “ crude arsenic ” : — Weigh ii]) 5 grams of the 
dried sample, and place them in a clean dry test-tube about 6 inches 
long. Tie a small lilter- paper over the mouth of the tube, so as to 
prevent air-curreuts. Heat the tube cautiously so as to sublime 
off the white arhcnic into the upper part of tlie tube. Cut off the 
bottom of the test-tuljo by wetting whilst hoi. Scra})c out, the 
arsenic and weigli it. Tlie Aveight gives an approximate idea of 
the quantity, and the colour of the quality, of the wliite arsenic 
obtainable fj’om the sample. Some workers (sellers) weigh the 
residue, and determine the white arsenic by diflerence. In deter- 
mining the percentjigc of moisture in these samples, the substance 
is dried on a water-bath or in a water-oven. 

METHODS. 

Solution. — Where, iu crude ai*sonic, the substance is 
arsenious oxide mixed with irnpuritii's, the arsenic is l>esfc 

got into solution by warming with caustic soda, and neutralising 
the excess willi hydr’ochloric acid ; it will be present as sodium 
arsenite. Metals and alloys ai*o acted on by means of nitric ^cid ; 
or the arsouic may be at tlie same time dissolved and separated by 
distilling with a strongly-iudd solution of ferric chloride, in the 
way described under Volumetric Method'S. 

With minerals, mattes, &c., solution is thus effected: — The 
finely-{»owdered substance is mixed (in a largo platinum or poroe- 
\ain crucible) with from six to ten times its weight of a mixtui’eof 
equal parts of carbonate of soda and nitre. The mass is theh, 
heated gradually to fusion, and kept for a few minutes in that state* 
When cold, it is extracted with warm water, and filtered from 
insoluble residue. Tho solution, acidified with nitric acid aT\d, 
boiled, contains the arsenic as sodium arsenate. With mispickel 
and those substances which easily give off arsenic on' heating, tjie, 
substance is first treated with nitric acid, evaporated to dccjxiessi^ 
and then the residue is treated in the way just described. , ! , 

When the arsenic is present as arsenite or arsenide, distiUatimti 
with an acid solution of foAc chloride w^'Il give the whole of "tlM 
arsenic in the distillate free from any metal except, 
tin as 'stannic chloride. With arsenates, dissolve , the sabsUlKioi 
m aqjid and then add an excess of soda. Pass sulph^xe^lW 
hydr^en into the solution; wuna,^and filter. Aoidul;B^.J^ 
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filtrate, and pass sulphiiretted hydrogen. Decant off the liquid 
through a filter, and digest the precipitate witli ammonic carbonate : 
filter, and re-prccjipitate with hydrocdiloric acid and sulphuretted 
hydrogen. Allow to stand in a warm place, and filter off the 
yellow sulfhidc of arsenic. Wash it into a bf^aker, cle:m Ihe filter- 
paper (if necessm-y) with a drop or two of di’ ite ammonia , evapo- 
rate with 10 c.c. of dilute nitric acid to a small bulk ; dilute; and 
• filter off the globules of sulphur. The filtrate contains the arsenic 
as arsenic acid. 


GRAVIMETRIC METHOD. 

Ha^dng got tlieai’scnic intosoliition as arsenic aci»I, and in a volume 
not much exceeding 50 c.c., add about 20 c.c. of dilute ammonia 
aud 20 c.c. of “magnesia mixture.” Stir with a glass rod, and allow 
settle overnight. Filter, and wash with dilute ammonia, avoid- 
ing the use of large quantities of wash water. Diy, transfer the 
precipitate to a llcrlin crucible, and clean the filter-paper 
thoroughly. Burn this paper carefully and completely ; and add 
the ash to the contents of the crucible, together with 4 or 5 drops 
of nitric acid. K\'a[iorate with a Bunsen bunier, and slowly 
ignite, finisliing oil' with the blow-pipe or muffle. Cool, and weigh. 
The ignited precipitate is pyiursenateof magnesia (Mg^s,Oy), and 
contains 48.4 ]ier cent, of arsenic (As). 

Instead of igniting the precipitate with nitric acid, -it may 
collected on a weighed filter-p.apcr, dried at 100* C., and weighed 
as ammonic-magnesic arsenate (2AmMgAs0^.n,0), which contains 
39’5 cent, of Jirsenic. The results in this case are 1‘kely to be 
a little higher. The drying is very tedious, and is like?y to leave 
behind more water tlian is allowed for in the formula. In a series 
of determinations in wliich the arsenic was weighed in botfi forms, 
the results were : — 


|^HMnnatft.maffTie 8 io Arscaate 

Arsenic 

Magnesium Pyrarsenate 

Arsenic 

Ingrams. . 

in grams. 

in grams. 

in grams. 

0.0080 

0.0032 

0.0065 

0.0031 

0.0400 

0.0158 

0.0330 

0.0160 

0.0799 

0.0316 

... 0.0633 

0.0306 

0.1600 

0.0633* 

... 0.12S7 

0.0623 

0.4000 

0.1580 

0.3205 

0.1551 

0.7990 - 

0.3156 

0.643s 

03114 
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VOLUMETEIO METHOBS. 

There are two methods : one for determining the arsenic in ijbe 
lower, and tlio other in the higher state of oxidation. In the 
first-mentioned method this is done by titrating with a standard 
solution of iodine ; and jii the latter with a solution of uranium 
acetate. Where the arsenic already exists as arsenious oxide, or 
where it is most conveniently separated by distillation as arseni- 
ous chloride, the iodine method should be used ; but when the 
arsenic is separated as ammonic-magnesic arsenate or as sulphide, 
the uranium acetate titration should be adopted 

IODINE PROCESS. 

This is based on tlie fact that sodium arsenite in a solution con- 
taining an excess of bicarbonate of soda is indirectly oxidised by 
iodine to sodium arsen^-o,* and that an excess of iodine may be 
recognised by the blue colour it strikes wh.h starch. The process 
is divided into two pai tn — (i) the preparation of the solution, and 
(2) the titration. 

Preparation of the Solution. — For substances like crude 
arsenic, in which the arsenic is prcs(Uit as arsenious oxide, the 
method is as follows ; — ^Take a portion which shall contain from 
0.25 to 0.5 gram of the oxide, place 
in a bjaker, and cover with 10 c.c. of 
sodic hydrate solution ; warm till dis- 
solved, put a small piece of litmus 
paper in the solution, and render acid 
with dilute hydrochloric acid. Add 
2 grams of bicarbonate of soda in- solu- 
tion, filter (if necessary), and dilute to 
100 c.c. The solution is now ready 
for titrating. 

Where the arsenic has to be sepa^ 
rated as arsenious chloride, the procesl 
Pio. 68. is as follows :t — Weigh up i gram ^ 

the finely-powdered ore (metals Bhc|ikl 
be hammered out into a tlun foil or 1^ used as filings), and pt^ 
in a 16-ounce flask previewed with a well-fitting cork, and con- 
nected with a U-tube, as shown in the<' drawing (fig. 68). /The 
U-tube should contain 2 or 3 c.c. of water, and is cooled by bemg 

* N«,A6p,+Hp+2l=:Na,As04+2Hl. The acid is at once neutralised. 

t Sf. Thomas Gibb Is the originator of ^hia ingeni^^nrocess. , j 
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placed in a jar or large beaker of cold water. Tne water used 
for cooling should be renew^ed for each assay. 

Pour on the asciiy in the flask 50 c.c. of a “ ferric chloride 
nj^ure,”^ made by dissolving 600 grams of calcium chloride 
and 300 grams of ferric chloride in 6 or. c.c. of hydrochloric 
acid, and making up to i litre with water. 

Firmly cork up tlie apparatus, and boil over a small Bunsen- 
burner flame for fifteen or twenty minutes, but a.void evaporating 
to dryness. Disconnect the flask, and pour away its contents at 
once to prevent breakage of the flask by their solidification. The 
arsenic will l)e ( ondensed in the U-tube, together with the greater 
part of the hydrochloric acid ; tr.insfer the distillate to a beaker 
wfisliing out the tube two or three times with water ; add a small 
piece of litmus paper ; neutralise with ammonia ; render faintly 
add with dilute hydrocldorie acid; add 2 grams of bicarbonate of 
soda in solution ; and dilute to 2150 c.c. The solution is now ready 
for titrating. 

The arsenic comes over in the early pait of the distillation, as 
will be seen from the following experiment, made on i gram of 
copper precipitate; in which experiment the distillate was collected 
in separate portions at equal intervals, and the arsenic in each 


portion determined : — 
Time 

Iodine 

Equivalent to AmoM 
ui the Distillate, 

Disltllinfir. 

liMluircd. 

5 minuiei 

12,0 C,C. 

... 0.0450 gram 

5 M 

0.17 .r 

aooos N 

5 ** 

0.0 


5 

To dryness 

0.0 „ 


0.0 .. 



The volume of each distillate wjis about 5 c.c. • 

In this operation the metals are converted into chlorides by the 
action of feme chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, hut raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation.* Two experiments with material containing 3.48 per 
cent, of arsenic gave— (i) with ferric chloride alone, 2.74 per 
cent. ; and (2) with the addition of calcium chloride, 3.48 per cent 
It is always necessary to make a blank determination with 
.1 gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride :q^ixture.t Unfortunately, a correction is 

* By taking hold of the water x-resent, it may prevent the disflooiation 

** atfsenioua chloride • 

f tt is diflicult to get ferric chloride free from arsenic ; but the following 
treatment will remove 8(3 or 9^ per cent, of the arsenie contained in the 
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aJways required. Tliis amounts to alx)ut o. 1 5 per cent, of arsenic * 
on eiudi assay, even wlion the mixture has been puri^ed ; and this 
constitutes tlio weaknowss of llie metliod, since, in some cases, thf- 
correction is as much as, or even greater than, the percentage to 
be fletermiiicd. 

The acid distillate containing the ai*senious chloride may be left 
for an hour or so without inucJi fe.ar of oxidation; but it is safer 
to neutralise find tlion to add the bicarbonjite of soda, as the fol- 
lowing experiments show. Several portions of a solution, each 
having a bulk of too c.c., were exposed for varying lengths of 
time, and the arsenic in each determined. 


Time Exposed. 

Acid Solntious. 

IsilplS Arsmic Pound. 

Neutralised Solutions, 

Stili: Ar^cIcP^d. 

X hour 

2 hours 

4 >* 

5 >. 

1S.2 C.C. — 0.0136 gram 

18.2^,, - 0.0136 

17.7 „ - 0.0133 „ 

17.5 „ - 0.0131 „ 

17-0 „ > 0.0127 „ 

iS.i C.C. ~ 0.0136 gram 

i 1S.2 „ = 0,0136 „ ^ 

1 18.0 „ = 0.0135 „ ,;a 

18.4 „ = 0.0138 n 

18.3 „ = 0.0137 „ 


The Titration. — ]\rakG a standard solution of MIm by wei™ng 
up in a beaker 16.933 gi'fims of iodine and 30 grams of podium 
iodide in crystals ; add' a few c.c. of water, and, when (JjWoIved, 
dilute to I litre : too c.c. will equal 0.500 gram of arsetfiic. 

A solution of starch siiuihir to that used in the iodide-cppj)er 
assay will be required. Use 2 c.c for each assay. Variations in. 
the (juantity of starcli used do not interfere ; but the soluticm 
must be freshly prepai-ed, as after seven or eight days it becomes 
usolew, 

I’o standardise the iodine solution, weigh up 0.3 gium of white 
arsenic; dissolve in caustic soda; neutralise; after acidulating, 
add 2 grams of bicarbonate Of soda and 2 (5.c. of the starch solu** 
tion, find dilute to 200 c.c. with cold water. Fill a burette having 
a glass stop-cock with the iodine solution, and run it into the 
Bolution of arsenic, rapidly at first, and then more cautiously,'ti]Q[ 
a final drop produces a blue colour throughout the solutiofiu. 
Calculate the standard in the usual way. White arsenic containi ' 
75.76 per cent, of arsenic. ^ 

Tlie following experiments show the efioct of variation in th# 
conditions of the titration ; — 

commercial material Dissolve 2 or 3 lbs. eft ferric chloride wiw jm 
‘Smallest amount of water that will effect W)lation with the addition 
' 100 c.o. ef hydroebiorio acid; add a solution of sulphurous acid in quMpip 
sufficient to reduce 2 or 3 per cent, of the iron to the ferrous state * 
.tostaiMa week;.and then boil,, to removatthe ItydrocMorict'aold^a^i* 
^Nitric acid, which is prejudicial, is also removed by 
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Make a solution of arsenic by dissolving 6.6o grams of white 
arsenic in loa c.o. of sodic hydrate solution ; render slightly acid 
hydrochloric acid ; add lo grains of bicarbonate of soda, and 
dilute to litre : loo c.c. will contain 0.50 gram of arsenic. 

Effect of Varying Temperature.— 'i I.e reaction goes on 
very (juickly in the cold, and, since there Ls no occasion for heat- 
ing, all titrations should therefore he carried out cold. 

Effect of Varying Bulk. — In these experimcnis, 20 c.c. of 
arsenic solution were ialam, 2 gniins of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the recpiired 
Dulk. Tlie results were : — 

Bulk . . . 50.0 C.C. 100.0 C.C 250.0 c.o. 500.0 c.c. 

“Iodine" required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effect of Varying Bicarbonate of Soda.— This salt must 
be present in ea(;h titration in tonsidcrable excess, to prevent the 
interference of fi'ce acid. The bicarbonate must be dissolved 
without iieating, as neutral carbonates should be avoided. 

Bicarbonate adilnd 1 gram 2 gmms 5 grams * 10 grams 

, “Iodine” required 20.1 c.c. 20.0 c.c. 20.1 c.c. 20.0 c.c. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

l^ect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
was added. In one case the solution was rendered acid 'vith 5 c.c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could he obtained. This was mucJ more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — TJie process for getting the arsenic 
into solution will exclude all metals except .tin, but the solution 
yrill be charged with sodium or ammonium siilts in the process of 
neutralising, so that it is only necessary to see if the.se cause 
.any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
; hence the necessity for rendering the assay distinctly acid 
;lWore adding tlie bicarbonate of soda. 

■ ; 'V?^itlh 20 c.c. of arseaic solution ;*and with bulk, soda, and 
' ttarch as before, the results ol nuned were 
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With 20 grams of ammonic chloride • 

„ 20 grams of sodium chloride . 

„ 20 grams of sodium acetate . 

„ 0.050 gram of tin, as stannic chloride 
Without any addition .... 


.** Iodine “requind, 
20.0 C.O. 

. 20.0 » 

. 19 6 ». 

. 20.0 „ 


The interference of the stannic salt is probably mechanical, thu 
precipitate carrying down some arsenious acid. 

Effect of Varying Arsenic.— With bulk, starch, and soda 
as before, but with varying arsenic, the results wore ; — 


Arsenic added . i.oc.c. 10.00.C. 20.0 c.c. 50.0 c.c. 100.0 c.o, 
“ Iodine” required i.i „ 9.9 „ 20.0 „ 50.0 „ 100.0 „ 


Determination of Arsenic in Metallic Copper. — Put 
gram of the copper filings, freed from particles of the file 
a magnet, into a i^-oz.-fljusk ; and distil with the ferric chlo^|e 
mixture, as above described. Neutralise the distillate ; acidW;^ 
add bicarbonate of soda and starch ; dilute ; and titrate witlTtne 
Btpjadard solution of inline.* Make a blank determinaticJfn with 
I gram of electrotype copper, proceeding exactly as with the 
assay ; and deduct the amount of arsenic found in this experi- 
ment from that previously obtained. 

Working in this way on a copper containing 0.38 per cent, of 
arsenic and 0.80 per cent, of antimony, 0.38 per cent, of arsenic 
was found. 

Determination of Wliito Arsenic in Crude Arseriio. — 
Weigh oufc 1 gram of tho dried and powdered substance (or 0.5 
gram if rich), and digest •with 10 c.c. of a 10 per cent, solution of 
soda ; dilute to about 50 c.c., and filter, llender faintly acid 
with hydrochloric acid, and filter (if necessary) ; add 2 or 3 grams 
of bicarbonate of soda in solution, then 5 c.o. of starch, and 
titrate the cold solution with the standard solution of iodine. 

The following is an example : — 

I gram of crude arsenic required 53.7 c.c. “ Iodine) 

100 C.C. ** Iodine ” « 0.6000 gram wliite arsenic ; 

100 : 53.7 ::o.6 : 0.3222, or 32.2 per cent. 

With the tesirtuhe method of dry assaying, this same sample 
results varying from 33 to 35 per cent, of white arsenic, whi^g 
(judging from its appearance) was impure. ^ 

c 

* When the amount of aisenic to be es^mated is small (as in teioned { 
coppeigs), it is better to use a weaker solution of iodine. This is made ^ 
diluting 200 C.O. of the standard solution with water to 1 litre: 
will^equal o.i per cent., if i gram of the metal has berii taken lor tiMiS 
assay. 
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TTBAinC ACETATE FBOCESS. 

This may be looked upon as an alternative to the gravimetric 
method. It is applicable in all cases where uhe arsenic exists in 
solution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts : (i) the preparation of the solution, 
Mid (2) the titration. 

Preparation of tbe Solution. — If the arsenic has been 
jeparated as sulphide, it is sufficient to attack it with 10 or 15 c.c. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at fii*st. iiterwards continue the heat till the 
separated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of ^yater ; 
put in a piece of litmus paper ; and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid) ; dilute 
to 150 C.C., and heat to boding. The solution is ready for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much copper, it is separated in the way described under 
Examinaiim of G&inmercial Copper (Arsenic and Phosphorus), 
pages 208, 209. 

If the arsenic has been separated as ammonium-magnesium 
arsenate, and phosphates are known to be absent; dissolve the 
precipitate (after filtering, but without washing) in dilute hydr^ 
chloric acid. Add dilute ammonia till a slight precipitate is 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
solution ; dilute to 150 c.c., and heat to boiling. Titrate. , 

If phosphates ai'e present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic (one part of phos- 
phorus counting as 2.4 parts of arsenic). It will be necessary to 
oiseolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (aa 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the “ baac i^tate ” process as 
iescribed under Phosphorus in the Exmiiiuxtum of Gommer^l 
Copper t page 209. Obviously, when phosphates are present, it is 
easier to separate the arsenic as sulphide than to precipitate it 
with the “ magnesia mixture.' ^ • 

The Titration. — ^The standard solution of wranitm cusetate is 
ipade by dissolving 34,1 grams of the salt (with the help of 25 c.o. 
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of acetic acid) in water ; and diluting to i litre. The water an 4 
acid are added a little at a time, and wanned till solution 
effected; then cooled, and diluted to the required volunj^ 
100 c.c. will equal 0.50 gram of arsenic. ^ \ 

The dodic acetate and acetic add solution is made 
dissolving 100 grams of sodic acetate in 500 c.c, of acetic acid, 
and diluting with water to i litre. Five c.c. are used for each 
assay. 

The solution of potassic ferrocyanido used as indicator is made 
by dissolving 10 grams of the salt in 100 c.c. of w'ater. 

To standardise the solution of uranium acetate, weigh up a 
quantity of white arsenic {ASj,Oj) which shall be about equivalent 
to the arsenic contained in the assay (o.i or 0.2 gram); transfer 
to a flask, and dissolve in 10 c.c. of nitric? acid with the aid of 
heat. Evaporate to a small bulk (taking care to avoid the 
presence of hydrocl;loric acid) ; dilute with water ; add a small 
piece of litmus paper; render faintly alkaline with ammonia; 
then add 5 c.c. of the sodic af?etate mixture ; dilute to 150 c.c. ; 
and .beat to boiling. ^ 

Fill an ordinary burette with the uranium acetate solution, and 
run into the assay a quuntit.y known to be insufficient. Again 
ieat for a minute or two. Arrange a series of drops of the solu- 
tion of ferrocyanide of potassium on a porcelain slab, and, with 
the help of a glass rod; bring a drpp of the assay solution in contact 
with one of these. If no colour is produced, run in the uraniun 
acetate, i c.c. at a time, testing after each addition, till a browi 
colour is developed. It is best to overdo the ass.ay, and to coun' 
back. It is not necessfiry to filter off a portion of the assay before 
testing with the “ferrocyanide,” since tlie precipitate (uranii 
arsenate) has no effect. 

The following experiments show the effect of variation in th( 
conditions of titration. Make a solution of arsenic acid by dis 
solving 4.95 grams of arsenious acid (AsjOj) in a covered b^e] 
with 35 c.c. of nitric acid; evaporate down to 7 or 8 c.c. ; atw 
dilute with water to i litre: 100 c.c. ivill contain 0.375 gram 0 
arsenic. Use 20 c.c. for each experiment. 

Effect of Varying Temperature.— It is generally reco^ 
mended to titrate the boiling solution, since it is possible that',^^ 
precipitation is only complete on boiling, tow results are xj 
tained in a cold solution, the apparent excess of uranium aceM 
striking a colour at once; 0^ boiling, however, it ceases to 
consequently, the solution should always be boiled directly jUPS 
testing/ 

Imlour, Experiments made in the way described, but vw 
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o| a solution of arsenic acid stronger than that given (loo c.c. = 0.5 
j^ram As), thi^ results at varying temperatures were : — 

•i 

j Tempejl^ture . . 15* 0 . 30'* 0 . 70“ 0 . loo'* C. 

" Uranium ” required 18.0 c.c. 18.5 c.c. c.c. 18.70.0. 


. Effect of Varying Bulk. — These experiments v/ere like those 
last , mentioned, but were titrated boiling, and the volume was 
varied ; — 


®ulk .... 50.0 C.C, 100.0 c.c. 200.0 c.c. 300.0 c.c. 
“ Uranium ” required 14.0 „ 14.0 „ 14.5 „ 15.0 „ 


Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — Those exporimonts 
were carried out like tlioae hist noticed, but the bulk was 150 c.c., 
and varying amounts of sodic acitate were added in excess of the 
quantity used in the experiments previously described : — 

Sodic acetate added 0 gram 1 gram 10 grams 20 grams 
“ Uranium ” required 14.5 c.c. 14.5 c.c. 16.0 c.c. 18.00.0. 

It is evidently important that the quantity of this salt present 
in each titration lie measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Acid alsoallects the results, but in the opposite 
direction, by prevontiug the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were : — 

. Solution added . , 0.0 c.c, 5.0 c.c. lo.oc.c, 15.00.0.% 

‘‘ Uranium ” required 14.5 „ 14.5 „ 14.5 „ 14.0 „ 

Solution added . , 20.0 „ 30.0 „ 40.0 „ 50.0 „ 

“ Uranium ” required 13.2 „ 10.0 „ 6.0 „ 2.0 „ 

These show that the quantity ordered (5 c.c.) must be adhered to. 

Effect of Foreign Salts. — In these expeiiments, 10 grams of 
tjbe salt (the effect of which it was desired to determine) were 
added to a solution in other respects resembling those previouslv 
ti^d;— 

' Salt added I Amraonic Amraonic Magnesiuni 

*1 sulphate, nitrate. chloride, sulphate, 

required *5.50.0. 15.50.0. 15.30.0. 15.30.0. 

^ Without any addition, 15.0 c.c. were required ; and in another 
^^^|)eriment, in which ^0 gjams of ammonic salts were present,. 
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15.6 C.C. of uranium solutioi were required. Such variations in 
the amount of ammonic salts as occur in ordinary working are un- 
important. ^ ^ 

Phosphates, of course, interfere. In fiici, the uranipm ace£ivt6 
solution can be standardised by titrating with a known weight of 
phosphate, and calculating its equivalent of arsenic. Thus, in an 
experiment with 0.6 gram of hydric sodic phosphate (NajHPO^, 
I2H,0), equivalent to 0.05195 gram of phosphorus, or 0.1256 
gram of arsenic, 23.25 c.c. of a solution of uranium acetate were 
required. The same solution standardised with white arsenic gave 
a standard of which 100 c.c. = 0.5333 gram arsenic. On this 
standard the 0.6 gram of sodic phosphate should have required 
23.5 c.c. 

Experiments in which o.i gram of bismuth and o.i gram of 
antimony were present with 0.1 gram of arsenic, showed no inter- 
ference on the titrajiion. Ferric or aluminic salts would remove 
their equivalent of arsenic, and, consequently, must be removed 
before titrating. 

Effect of Varying«^Arsenic. — ^Vsrying amounts of metallic 
arsenic were weighed up and dissolved in nitric acid, &c., and 
titrated ; — 

Arsenic taken 0.010 gram 0.050 gram 0.100 gram 0.20Dgram 
Arsenic found 0.010 „ 0.050 „ 0.100 „ 0.197 » 

These experiments show that the method yields good results ^ 
within these limits. 

Determination of Arsenio in Mispickel.— -Weigh up i gram 
of tho dried and powdered ore, and evaporate to ncai* diyness with 
20 c.c. of dilute nitric acid. Make up to 100 c.c. with water, and 
pass sclphurettod hydrogen to reduce the ferric iron to the ferrous 
state, then add 20 c.c. of dilute ammonia, and again pass sulphu- 
retted hydrogen. Warm, filter, and evaporate the filtrate to drive' 
off the excess of ammonia ; then add 10 c.c. of nitric acid, and boil 
down till the sulphide of arsenic at first precipitated is dissolved ; 
neutiulise; add 5 c.c. of sodium acetate and acetic acid solution; 
transfer to a pint flask, boil, and titrate. ' 

For example, an impure sample of ore required, in duplicate assay . 
of half a gram each, when treated in the above-mentioned way, 35.6.’ 
and 39.5 c.c. of the uranium acetate solution (100 c.o, «= 0.537 gram 
of arsenic), equivalent to 0.21 14 gram of arsenic, ih* 42.3 per 

An alternative method *-i8 as follow^. Powder the ore 
finely and weigh up .5 gram. Place in a 2| inch berlin dish 
add strong nitric acid, one drop at a time until the action 
with.. care there need be no very violent reaction Dxr/jWtemi 





bath. Cover with 2 gmms of nitre and over thxd spread 
; 5 gW 4 U 8 of • ini^iure of equal parts of nitre and carbonate of 
^oda. Fuse in a nu/f’e dr over a Jnrge gentle blow-pipe flame for 
If- miijutes. Tins will spoil the dish. Allow to cool and hoiJ 
•tit in' a larger dish with roo c.c, of w’ater. l^’ilter and wash into 
an 8 oz. fksk. Acidify the liquor with nil. it and boil down to 
about 100 c.c. The jicid should not be in too large excess, Dul 
an excess is needed to destroy nitrites. Neutralise with soda or 
-ammonia. Add 5 c.c. of the mixture of sodium acetate and 
acetic acid. Titrate with uranium acetate. 

‘ Determination of Arsenic (As) in Crude Arsenic.— The 
method given under the iodine titration simply determines that 
portion of the arsenic which is present in the subsknce as 
arsenioiis oxide or white ai'senic. The following method will give 
the total arsenic in the sample. It would be incorrect to report 
this as so much per cent, of arsenious oxide, although it may be 
•reported as so much per cent, of arsenic equivalent to so much per 
cent» of white arsenic, thus : — 

Arsenic .... 30.0 per cent. 

Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
p^entage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows Boil i gram of the sample 
withjo c.c. of nitric acid. When the bulk of the solution has been 
^reduced to one-half, and red fumes are no longer evolved, dilute 
•with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 C.O. of sodic acetate solution, boil and filter. The precipitate 
(fcirnc arsenate) is transferred to a small beaker, treated with 5 o.c, 
•of dilute ammonia,^ and sulphuretted hydrogen passed through it. 
,The iron sulphide is filtered off, and the filtrate evaporated with an 
exc^ of nitric acid. When the solution is clear, it is neutralised, 

1 or^ 2 CO* of sodic acetate solution having been added, is then 
^ihixed with the first filtiute. The solution is boiled and titrated, 

, sample treated in this way required 49.2 c.c. of the uranium 
^^oetate solution (100 c.c.= 0.537 gram of arsenic), equivalent to 
jf6;4 per cent. 

2 D^rmination of Arsenic in Brimstone. — ^Take 10 grams 
m the snbs^ce, and powder in a mortar j rub up with lo c.c. of 
jwilts^mmonia and a little water ; rinse into a pint flask ; pnai^ 
sulphuretted h^j^rogen ; and Varm on a hot plate for a 
™^^^utes. Filter, acidulate the filtrate with sulphuric acid i 
the precipitate; attack it with 10 c,c. of nitric acid ; and 
in the other determinations 
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PRACTICAL EXERCISES. 

1. Mkpickel contains 45.0 per cent, of arsenic, to how much wlvt* 

arsenic will this be equivalent 7 

2 . How would you make a standard solution of iodine so that 100 c.o. 

sliall be equivalent to i gram of white arsenic ? 

3. What weiglit of arsenic is contained in i gram of pyrarsenate ol 

magnesia, and what weight of ammonic-inagnesic arsenate would 
it be equivalent to 1 

4. The residut, after htsating 10 gnnns of cnulo arsenic, weighed 0.62 

gram. What information does tliis give as to the composition 
of the substance ? If another 10 grams of ttio subst.'ince, healed 
on a watcr-bath, lost 0.43 gram, what, conclusions would you draw, 
and how would you n'poit your results ? 

5. If a sample of copper contained 0.5 per cent, of arsenic, and 1 gram 

of it wore taken for an assay, how much standard uranium acetate 
solution would be required in the titration 1 


PllOSPlIOItlTS AND PHOSPHATES. 

Phoi5phorus rarely occui’p among minerals except in its highest 
oxidized state, phosphoric oxide (PPj), in wliich it occurs 
antly as “ rock pliosphate,” a variety of apatite whicli is maii^ 
phosphate of lime. Phosphates of most of the metallic oxides ttre 
found. Phosplioric oxide in sihtill (quantities is widely diffused, 
and is a constituent of most rocks. Its presence in vaiying 
amounts in iron ores is a malttir of importance, since it affects tU? 
quality of the iron obtainable from them. 

Phosphorus occurs in alloys in the unoxidized state. It ig 
directly combined with the metal, forming a phosphide. In this 
maimer it occurs in meteoric iron. The alloy phosphor-bronze 
is made up of copper, tin, zinc, and phosphorus. 

Phosphates are mined in largo (quantities for the use of manure 
manufacturers, and for making phosphorus. 

Phosphorus and arsenic closely resemble each other in their, 
chemical proqx'rties, more especially those wliich the asaayer makes 
use of for their determination. Phosphorus forms several series 
of salts; but the phosphates are the only ones which need* be 
considered. Pyrophosphate of magnesia, which is the form hi 
which phosphoric oxide is generally weighed, differs frum the 
ordinary phosphate in tke proportion of base to acid. Me<^ 
phosphates differ in the same way. If these are present, mw 
be remembered they act difierently with some reagents from 
ordinary phosphates, which are called orthophosphates. 
arejliowever, all convertible into orthophtspha" “ 
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irbkth will remove their base, snch as fusion with alkaline car- 
bonates, boiling with strong acids, <Sic.* 

Phosphides are converted into phosphates by the action of 
ni+rtc acid or other OAidi/ing agents. Dilute acnds, when they 
action the (nihstjinco, evolve phosphuretted hydrogen (PHj). TJie 
student should bo on his guard against Icsii ' oho.sphorus in this 
manner. 

There is no dry assay for phosphorus. All essays for it are 
made either gravi metrically or volumetrically. 

The sepaiation of phosphoric oxide is made as follows : — The 
ore or metal is dissolved in acid and evaporated, to render the 
silica insoluble. It is taken up with hydrochloric acid, diluted 
with water, and treated with sulphuretted hydrogen. The filtiute 
is boiled, to get rid of the excess of gas, and treate(i with nitric 
acid, to poroxidize the iron present. If the iron is not present in 
more than sudiciont quantity in form fenic phosphate with aU 
the phosphorus pi’osent, some ferric* chloride is add( d. The iron 
is then separated as basic aeci'.te. The precipitate w'ill contain 
the phosphorus, togeilKu* with any arsenic acid not reduced by 
the sulphuretted liydrogen. The precipitate should have a 
decided brown colour. The precipitate is washed, transferred to 
a flask, and treated first with ammonia, and then with a current 
of sulphuretted hydrogeri. The filtrate from this (ticidulated 
with hydrochloric acicl, and, if necessjiry, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the piipsence of alumina, chromium, titanium, or tin, if the solu- 
tion is effected with nitric acid. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arserb oxide 
that may be present. 

A method of separation more generally applicable and »iore 
convenient to work Is based on the precipitation of a yellow phos- 
pho-molybdato of ammonia, t by the action of an excass of ammonic 
molybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with lo c.c. of nitric acid, and add 20 gniins of ammonic 
nitrate, together with a little water. Next put in the solution of 
sunmonium molybdate solution in the proportion of about 50 c.c. for 
leach 6.1 gram of phosphoric oxide judged to be present. Warm to 
about 80* C., and allow to stand for an hour. Filter, and wash 

* The, constitution of these phosphates ma)»be thus illustrated-- 
Magnesic meta-phesphate MgO.PjOy 
Magnesio pyro-phosphate 2Mg0.Pj^0,. 

Magnesic crtho-phosphT.e 3Mg0.P,0,. 

The composition of which is— 

HoOg 90.74, P, 0 , 3M4, 3.57, H ,0 2.5^ s= 100.00. 
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with a 10 per cent. Boiiiiion of ammonic nitrate, it is not , 
sary tliat the whole of the precipitate be placed on the filter } but " 
the beaker must be completely cleaned. Dissolve {he precipitate 
off the filter with dilute ammonia) and run the solution intortlf® 
original beaker. Bun in from a burette, slowly and wfth stirrtegf, 

“ magnesia mixture," using about 15 c.c. for each o.i gram 01 
phosplioric oxide. Allow to stand for one hour. The white 
crystalline piecipitate contains the phosphorus as ammonium*^ 
magnesium phosphate. 

Phosjihate of lead is clocomposed by sulphuric acid ; the lead is 
converted into the insoluble lead sulphate, and the phosjihorio . 
acid is dissolved. Phosphate of copper and phosphate of iron 
may be treated with sulphuretted hydrogen ; the former in an 
acid, and the latter in an alkaline, solution. Phosphate of alu- 
mina is generally weighed without separation of tlio alumina^ 
since this requires a fusion. In all cases the aim is to get thft 
phosphoric oxide' either free, or combined with some metal 
whose phosphate is soluble in ammonia. 

Joulio’s method ofijlieparation is as follows : — One to ten grams 
of the sample are treated with hydrochloric acid, and evaporated 
to dryness with the addition (if any pyrites is present) of a littj^ 
nitric acid. The re.sidue is taken up with hydrochloric adiP 
cooled, transferred to a graduated flask, and diluted to the 
It is then shaken up, filtered through a dry filter, and a measwpl 
portion (containing about 0.05 gram of phosphoric acid) trais- 
ferred to a small beaker. Ten c.c, of a citric-acid solution of 
magnesia * is added, and then an excess of ammonia. If an 
immediate precipitate is formed, a fresh portion mustbe measuwj^^ 
out and treated with 20 c.c. of the citrate of magnesia soluti^ 
and:' with ammonia as before. The beaker is put aside for fijcte', 
two to twelve hours. The precipitate is then filtered off ami 
washed with weak ammonia; it contains the phospharua- aii 
ammonium-magnesium pho^hate. 


GRAVIMBTEIC DETERMINATION. 

If the phosphate is not already in the form of amnu 
nesic phosphate, it is converted into this by the addi^ ^ 
solution of on excess of ammonia aod magu^a 
order to get the precipitate pure, the magnesia mixture'^l^l 

* This is made by adding 27 grarjs of fnaagnesiiua oaibonato 
a tipie) to a solution of 270 grams of citric acid in 3500.0. d 
auC^ when dissolved, adding 4000.0. of dilute ammonia, andh 
to I litre; 200.C. of the solution is sufficient’ for 0 .i j 
^ although more will be required if mudb iromor alumina i#p 
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gradually (by drops) from a burette, with •constant stirring. A 
» Vjate crystalline pi ocipitate at once falls, if much phosphorus is 
||j!^Ssent ;,but, if there is only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) bofv/ ''. filtering. The pre- 
sence of tartaric acid should be avoided ; and the appearance of 
the precipitate should be crystalline. The solution is decanted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The precipitate is dried| 
-transferred to a weighed Berlin or platinum crucible ; the filter* 
paper is carefully burnt, and its ash added to the precipitate, 
which is then ignited, at first gently over a Bunsen burner, and 
then more strongly over the blowpipe or in the mufile. The resi- 
due is a white mass of magnesium pyrophosphate containing 27.92 
•per cent, of phosphorus, or 63 96 per cent, of phosphoric oxide. 


VOLUMETRIC METHOD. 

Instead of separating and weighing tliis compound, the phos- 
phoric oxide in it can be determined by titration. In many cases 
the ore may bo dissolved and immediately titrated without pre- 
vious separation. It is bettor, however, to carry the separation 
to far as to get phosphoric acid, an alkaline phosphate, or the 
mignesia precipitate. It may then be prepared for titration in 
the following way : — The precipitate in the last case (without 
inuch washing) is dissolved in a little hydrochloric acid, and the 
solution in any case rendered fairly acid. Dilute immonia is 
'added till it is just alkaline, and then 5 c.c. of the sodic acetate 
and acetic acid mixture (as described under the Arseni^ Assay). 
^hift should yield a dear distinctly-acid solution. It is diluted 
to 100 or 150 C.C., heated to boiling, and titrated with the ura- 
"uium acetate solution, using that of potassic ferroc^anide as 
indicator. 

' The stemda/rd solution required is made by dissolving 35 grams 
^ uranium acetate in water with the aid of 25 c.c. of acetic add, 
jahd diluting to i litre. 

^ An squivoknt solution of phosphorio oxide is made by dis- 
. Solving 25.21 grams of crystallised hydric disodio phosphate 
(£QSra^0»X2H,0) in water, and iq^ing up to 1 litre. 100 c.c, 
iyill contain 0.5 gram 6f phosphoric oxide (P,0^), or 0.2183 gram' 
,;^-:|)boaphoniB. In making tms solution, transparent crystals onl^, 
b& used. The uraiuum acetate solution is onl^ approm*^ 
^uivalent to thjp, so that its exad* standard ftiurt bf ; 
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Sodic Acetate amd Acetic Acid Solution . — It is the svtine as that 
3 escril>ed under Arse^iic.* IJso 5 c.c. for each assay. , 

Tlie following oxporiments show the eflcet of variation in t^ 
pondiiions of the til, ration : — 

Effect of Varying Temperature. — The solution should 
:)e titrated while l)oiIing. This is ospocinlly necessary for the 
ast few c.c. in order to get a decided and fixed finishing point. 

Temperature . . 15“ C. 30® C. 70® C. 100® 0 . 

" Uranium ” required 18.0 c.c. 19.2 c.c. 19.0 c.c. 18.90.0. 

Effect of Varying Bulk. — 

Bulk .... 50.0 c.c. 100.0 c.c. 200.0 c.c. 300.0 c.c. 

“ Uranium ” required 18.8 „ 18.9 ., 19.0 „ 19.3 „ 

Variation in bulk ajlccts the results; therefore, a coustiint bulk ‘ 
■ihoiild be adhered to. 

Effect of Varying Sodium Acetate and Acetic Aoid 
Solution. — ^ y 

Sodium acetate 
and acetic 

acid solution 0.0 c.c. i.o c.c, 5.0 c.o. lo.o c.c. 20.0 0.& 

Uranium ” re- , 

quired . . 18.9 ,, 18.9,,. I9.r 18.8 „ 17.5 ,, 

As in the titration with arsenates, an excess is diftageroiis to 
}he assay ; a definite quantity (5 c.c.) should, therefore, be used. 

Effect of Foreign Salts. — Besides the sodium acetate, Ac., 
idded, the only salts likely to be present are those of ammonia 
ind magpesia. In three experiments, in one of which no foreign 
jalts wore introduced, while in the other two 5 grams of ammonic 
jhloride and of magnesium sulphate respectively were added, there 
V ire required : — 

With ammonic chloride • • 18.8 c.o. “ Uranium ” solution 

With magne.sium sulphate • , 19.0 ^ *t 

Without foreign salts . . , 18.9 ^ n 

Effect of Varying Phosphate. — 

“Phosphate ” solution added 10,0 ao. 20,0 c.c, 50.0 c.c. 100.0 o.a 

“ Uranium” required . .^9-8« 18.9,, 47.6,, 94-5 

The quantity of phosphoric oxide in the^assay solution for the 
DonditioB^ of titration should not be much less than 0.05 graiib. ' 

* For'^he details of the titration, the student is^referred to the seine 
uace. ^ 
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For smaller quantities tLe uranium solutiop slmuld be diluted to 
its strength, and the assay solution concentrated by reducing 
iu 'bulk to 50 C.C. and using 2.5 c.c. of the sodium acetate and 
adbtic aci(f solution. 

Determination of Phosphoric Oxide i \ Apatite. — Weigh 
up 0.5 gram oi' the dried -and powdered sample, and dissolve it in 
5 c,c. of hydrochloric acid. Evapomte to a paste, add 5 c.c. of 
the sodie acetate and acetic acid solution, dilute to 100 c.c. witl 
water, boil, and titiuto with uranium acetate solution. 

In an example, 0.5 gram of apatite refjuired 37.4 c.c. of uranium 
acetiite solution (standard equal to 0.5291 giam of phosphoric 
oxide). The sample therefore contained 0.1979 gram of PjOj, 
equal to 39.58 per cent. 

Detormination of Phosphoric Oxide in an Iron Ore. — 
Take 10 grams, boil with 50 c.c. of hydroi liloric acid, and evapo- 
rate to a paste ; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Pass sulphuretted hydrogen 
for nearly a quarter of an hour ; warm, and filter. Boil off the 
excess of gas ; cool, add ammonia till neai’ly neutiul, and then a 
few drops of feme chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and filt.er. Dis- 
solve the precipitate in hot dilute hydrochloric acid, and add 
citro-magnesia mixture and ammonia ; allow to stand overnight , 
filter, ignite, and weigh. 

In an example, i o gi-ams of ore gave 28.5 milligrams of magncsic 
pyrophosphate, which is equivalent to 0.18 per cent, of phosphoric 
oxide. 

Determination of Phosphorus in Iron.— Take Torn 2 to 
10 grams (according to the amount of phosphorus present), an<^^ 
dissolve in aqua regia, keeping the nitric acid in excesS; eva- 
porate to diyness and hake up with hydrochloric acid, boil, 
dilute, and filter, Add 10 c.c. of nitric acid, nearly neutralise 
with ammonia, render acid with 3 or 4 c.c. of nitric acid, and 
add 10 or 20 c.c. of ammonic molybdate solution. Heat for 
some time, allow to settle, filter, and wash the precipitate with 
a solution of ammonic nitrate. Dissolve the pi’ecipitate in 
dilute ammonia, nearly neutiulise with dilute hydrochloric acid, 
and add first magnesia mixture,” and tlien junmonia ; allow to 
stand overaight ; filter, wash with dilute ammonia, dry, ignite, and 
weigh as magnesic pyrophosphate. C|i>'.ulate to phosphorus. 
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PRACTICAL BXERC 1 SS 3 . 

(. Ten grams of an iron yielded'i2 milligrams of t>yropliosphateV>t 
magnesia. What percentage of phosphorus did the metal 
contain 1 

2. Ten grams of an iron ore gave 12 milligrams of pyrophosphate. 

What percentage of phosphoric oxich; did it contain ? 

3. What weight of apatite 30a,(P()4)yGaClF would require w c.o*-of 

standard uraniain solution (100 c.c. equal to 0.5 gram of PjO;). 

4. You have reason to believe that a precipitate which has been weigiied 

as magnesio pyrophosphate contains some arsenate. How would 
you determine the amount of phosphate really present ? 

5. Twenty c.c. of a solution of sodic phosphate containing 0. 100 gram 

of P,Oj was found to require a solution contiiining 0.700 gram, of 
hydrated uranium acetate in a titration. The precipitate cou- 
sins 80.09 per cent, uranium oxide and 19.91 per cent, of phos- 
phoric oxide. What percentage of uranium oxide was contained 
in the nranic acetate 7 


NITROeEN AND NITRATES. 


Nitrogen occurs in nature in the free state, and forms about 
four-fifths of the atmosphere. In combination, as nitrate, it is found 
in nitre (KNO,), and Chili saltpetre (NaNO,), minerals which 
have a commercial importance. The latter occurs in beds, and is 
extensively worked for use as a manure and in the. preparation of 


nitric acid. , 

Nitrogen is mainly characterised by negative properties, although 
many of its compounds are very energetic bodies. It is a gaSf 
present everywhere, but so inactive that the assayer can always 
^afford to ignore its presence, and, except in testing fnm^ 
gases, oEC., he is never called on to determine its quantity. ' - 
The nitrates are an important class of salts, and may be looked 
on as compounds of the bases with nitric pentoxide (N^Oj). Th^y 
are, with the exception of a* few basic compounds, soluble" i|E 
water, and are remarkable for the ease with which they ^ve 
their oxygen. The alkaline nitrates fuse readily, and lose 
with effervescence forming nitrites; while at a higher temperatti|ii 
they yield more oxygen and lose their nitrogen, either as a 
oxide or as nitrogen. The nitrates of the metals, on heatiUg,^^ 
the oxide of the metal. It is as yielded of oxygen that 
are so largely used in the npinufacture of explosives. Gunp<^^^ 
contains from 65 to 75 per cent, of potassium nitrate . 

Nitrates are best detected and determined by “ 

nitric oxide when treated with sulphuric add arid a. 
redUffing' agent, such as ferrous sulphate, 

.Nitric oxide is a colourless gas very sSghtlf sojt^te iia 
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^J^bines aUonee with oxygen, on mixing •with the air, to form 
•brown “nitrons fumes,” and dissolves in a solution of ferrous 
Rebate, j)roducing a charactoiistic blackish-brown colour. It is 
.this colour which allbrds the best and most easily-applied tost for 
xdtratos. The substance suspected to contu'". nitrates is dissolved 
in about I c.c. of water, and treated ■v^nth an equal volume ol 
strong sulphuric acid. A fter cooling, a solution jf feiTOUs sulphate 
is poured on its surface, so as to form a layer resting on it. On 
'standing, a brown or black ring is developed where the liquids 
join, if any nitrate or nitrite is present. Nitrites are distin- 
guished from nitrates by cHervescing and yielding brown fumes 
when treated with a little dilute sulphuric acid. 

The separation of nitrates is in many cases difficult. Generally, 
on treating the substance with water, the nitrate will be in the 
solution, and is filtered off from any insoluble matter. In the 
exceptional cases it is got into srdiition by treating with a boiling 
flolution of sodium carbonate ; the fi.ltrate will contain it as an 
alkaline nitrate. 

Since, however, in their determination, nitrates are never 
separated and weighed as such, the difficulty of separating them 
has little importance. Usually, the determination can be made on 
the original aqueous solution, and it is never necessary to do mow 
than remove any special substance which has a bad effect ; and this 
is easily done by the usual reagents. 

GBAVIMETBIO BETEBMINATIO]!^. 

' 

It follows from what ha«? been said that there is no direct gravi- 
jtoetric ‘determination. The percentage of nitrogen peffitoxide. 

in a comparatively pure nitrate is sometimes determined 
.^cftrectly in the following way Place in a plaiinum-cmcible 
4 0** S grams of powdered and cleaned quartz. Ignite, cool in a 
)dericcator, and weigh with the cover. Mix i gram of the drwd 
powdered salt with the quartz m the cmcible by stirring with 
adtout platinum-wire. Cover the crucible, and heat in a Bunsen- 
flame at scarcely visible redness for balf-an-hour. Cool 
"ani weigh. The loss in weight gives the amount of ^ nitrcgen 
%eMoxide. Sulphates and chlorides in moderate quantity do not 
The following is an example of the process : — 
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Crucible and satd. 26.64aij gmuis 

Nitre taken ...••• i.oooo „ 

27.648s 

, Weight after ignition .... 27.1160 ^ 

Lo.ss on ignition 0.5325 „ 

This is equal to 53.25 per cent, of nitrogen pentoxido. 


VOLUMETRIC DETERMINATION. " 

This is based on the oxidising action of nitric acid, or of nitrates 
in acid solutions on ferrous salts. The pentoxide (NjO,) of the 
nitrate is reduced to nitric oxide (NO), so that 336 pailis of iron 
peroxidised represent 108 parts of nitric pentoxido as oxidising 
agent.* The quantfty of iron peroxidised is determined by takiiig 
a known quantity of ferrous salt, oxidizing with a weighed sample 
of nitrate, and then ^termining the residual ferrous iron b} 
titration with bichromate or permanganate of potassium solutioni 
The difference Ijetweeii the ferrous ii*oii taken and that found, givel 
the amount oxidized by the nitrate. The speed vrith which nitric * 
oxide flakes up oxygen from the air, and thus becomes capable o|: 
oxidising more iron, rendei’S some precautions necessary; feixouflf- 
chloride should, therefore, be \ised, since it is epsier to exfol 
nitric oxide (by boiling) from solutions of a chloride than it is ft*om 
those of a sulphate. The process is as follows -.—Dissolve 2 gramp 
of thin soft iron wire in 50 c.c. of hydrochloric acid in a flask pro- 
vided with an arrangement for mainiaining an atmosphere of 
carbon dioxide. When the iron has dissolved, allow the solution 
to cool* and add 0.5 gram of the nitrate. Heat gently f 5 f a few 
minutes, and then boil until the nitric oxide is expelled. An- 
atmosphere of carbon dioxide must be kept up. Dilute with 
water, and titrate the residual iron with standard solution of bi- 
chromate of potassium. Tho stand.-ird “ bichi-omate ” is mads by 
dissolving 17.5 grams of the salt (KjCr,0,) in water, and diluting 
to I litre : 100 c.c. equal 2 grams of iron. Deduct the weight of ' 
iron found from the 2 grams originally taken, and multiply, by . 
0.3214. This gives tlie weight of the pentoxido in the sample 
In an example, 0.5 gram of nitre was t;«ken, and 59.4 c.C, of 
“bichromate” solution werv requiresd. The 59.4 c.c. thus,T||^,. 
are equivalent to 1.198 gram of iron, l^iis leaves 0.822 
the quantity oxidised by the nitre, whicli, multiplied hy 
gives o.*264r gram for the nitrogen pentoxide, or 52.8 

' • NA + 6FeO = + aNa 
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GA SOMETRIO METHOD. 

Tliifl IS fliised upon tho measurement of the nitric oxide evolved 
on shaking up a weighed quantity of the nlu ite with sulpliuric 
acid over mercury in a nitrometer. Each c.c. of nitric oxide 
obtained, when reduc(‘d to normal temperature and pressure, is 
equivalent to : — 

0.627 milligram of nitrogen. 

H of nitric oxide. 

2*418 „ of nitric perito.xide, 

2.S20 „ of nitric acid. 

M of sodium nitrate. 

4-523 f* of polassinm nitrate. 

working on sul)sta.nces not rich in nitrates, an ordinary 
nitfometer (fig. 69) is used^ but in the assay of sodium nitrate, 
nitroglycerine, &c., an instrument 
provided with a bulb liaving a 
capacity of 100 c.c. is employed. 

The plan of working is as fol- 
lows : — The “ measuring tube is 
filled with mercuiy until it reaches 
up into the tap, and the levelling- 
tube is placed so that it contains 
an inch or two of mercury. If 
the nitrate is in solulioji, 2 or 3 c. c, 
of the liquid (dilute liquids are 
brought to this bulk by evapora- 
tion) are measured into the cup. 

The levelling-tube is lowered a 
little, and the tap cautiously opened 
until all but the last drop of the 
liquid has run in. The cup is tlien 
linsed tvith 2 or 3 c.c. of sulphuric 
acid, which is run in in the same way, 

^ and the operation is repeated with Kio. 69. 

another lot of acid. The measur- 
ing-tube is now tjiken from the clamp, and shaken for two or 
three minutes, until no more gas is given off*. It is replaced, 
and the mercury-level in the two tubes adjusted. Then it is 
allowed to staTid until the^froth has subsided, and the gtis has 
cooled to the temperature of the room. The volume oi the 
gas is then read ofl^. In adjusting the level, account musl^ be 
token of ^e sulphri» acid in the measiuing-tube ; this it 
avowed for by having the mercury higher in the etHer tube by, 
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Bay, I mm. for each * 5.5 mm. ol sulphuric axiia, or dt is counter- 
poised by an equal height of sulphuric add in the level 
ling-tube, in which case the two mercuiy-levels aie mad6^ to^ 
correspond. On opening the tap after reading off the volume, 
there should be no change in the level of the mercury. If it 
should rise or fall a little, a slight incimse or decrease (say o.l c.c.) ■ 
is made to the volume previously read off. ^ 

In working with nitrate of soda, &c., in the bulb nitrometer, it 
is necessary to take a quantity of the substance which will yield 
more than loo and less than 150 c.c, of the gas. 
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CHAPTEE XVm. 

HIIiICON, CARBON, BORON. 

SItICON AND SILICATES. 

Ih assaying, more estiecially products direct from the mine, thew 
is alwa>^ound, when the rock is siUceous, a quantity of whto 
sandy-looking substance, insoluble in atjda, which is ^etom 
•accompanied by a light gelatinous very difficidt to 

filter. This is variously described as “ insoluble, ^ ^nd, 
soluble siUcate.s,” “gangue,” or 

pure quartz ; but oftener it is mixed with silicates from the rock 
JontaSiing the mineral. Some silicates, but not many, are tem- 
■ ^tely decomposed by boiling with hydrochloric acid or 
J^ia ; aud others are partly so, they yield a gelatinous 
ofsilica which greivtly interferes ivith the 
common practice with assayers to carry the fet attack oi^e 
sample with acids to dryness, and to tike up with a fresh portion 
of acid. By this means the separated sdica becomes g*™")" 
and insoluble, and capable of being filtered off and washed with 

T^^du^ay be ignited and weighed ; “d 1 » reported as 
80 touch per cent, of “silica and silicates insoluble i* acids. 
Unless specially wanted, a determination of its constituents n^d 
Wt te mSe. When required, the analysis is best ^e on the ^ 
ignited residue, and separately reported as “ analysis of the m- 

^'gSM^*onlf occurs in nature in the oxidised state ; but the 
,wdde genoraiy known as siUca(SiO,) is common, ^ng «pte- 
tonted^by the abundant minerals— quartz, flint, dm. 
eebhined with alumina, lime, oxide of iron, magnesia “d ^ 
alkalies, forms a large number of rock-forming minerals. Most 
:«Sc!tm8S8es, other than limestones, contain over 50 per cent, ol 
8?!!/^ The following .are analyse! of some of the 
'X^-: but it murt be noted that these minerate ofto shc^ 
tkrqdlivMiation in composiiion. This is more espedallf true ol« 
®Wto^ schorl, horjjblen^ and augite. 
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^oon, from a chemical point of view, is an Intei'esting 
It combines with iron to form a silicide ; and is present in this 
3ondition Id (ftist iron. Only in the case of the analysis of this 
ftn^similar substances is the assayer cfilled on to i-eport the per- 
ceiwrage oiisUicm. b^^ilicon is readily converted into silica by the 
action of oxidizing agents. Silica forms only one series of salts *- 
tbe silicates — which have in many cjises a c( i plex constitution ; 
thus there are a large number of double siiusites, wiiicb vary 
among themselves, not only in the relation of base to acid (which 
is the essential diflerence), hut also in the ratio of the 1 sases between 
themselves (which varies Avith almost every specimen). 

Silicja Ls detected by heating the substance with a fluoride and 
Bulphuric acid in a platinum-crucible. On holding a i-od, moistened 
with a drop of water, over the escaping fumes, the white Crust of 
silica formed on the drop of water shows its pi'csonce. The 
insolubility of a fragment of the mineial in a bead of micro- 
CDSfmic salt, is also a very good test ; the fi xgment, on prolonged 
heating, docs not lose its angular form. 

There is no dry assay for this pubstance, nor voluinetric method ; 
when the determination is recpiired, it is earned out gi*avi- 
metrically and, gencuully, by tho following plan. 

If the sample contains oxides, sulphides, itc., in any quantity, 
these are first dissolved out by treatment with acid, evaporated to 
dryness, taken up with hydrochloric acid, and filtered. The 
dried residue is treated in tlio same -way as the silicates. Some 
silicates are completcdy decomposed by such treatment; hut it 
MiVes time (unless one is sure that no undecomposidfle silicate is 
present) to treat these in the same way as the others. On the 
other hand, there are some silicates which are only attacked with 
difliculty even by fusion with alkaline carbonates; conb- (juently, 
it is always well to have tbe substance reduced to tho finest state 
of division by cjireful powdering, as this greatly assists the sub- 
sequent action. With very hard silicates, the grinding away of 
the mortar in this operation will be perceptible; the foreign 
matter thus introduced must not be ignored. Previously igniting 
the substance sometimes assists the powdering ; but it is i)est to 
use a steel mortar. The particles of steel can be removed by a 
magnet, or, where tho nature of the substance will allow it, by 
boiling with a little dilute hydrochloric acid. 

The dried and powdered material is intimately mixed with four 
times its weight of “ fusion mixture ” in a platinum-crucible cr 
dish. It is then moderately heated ^ver a Bunsen burner, and 
afterwards more strongly fused over a blast, or enclosed in a clay 
crucible in the wind-furnace. The action is continued until the 
fpsed mass is perfectly tranquil With very refractory subst^^nces, 
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&e\i^oii uLost be long continued at a high temjiwataie. '^liett 
sufficiently cold, the crucible is examined to se^ that no partidea 
of foreign matter aVe adhering to its outer surfacd. It is then 
transferred to a five- or six-inch ovaporatiiig-dish, where its {Con- 
tents are acted upon with warm water for some time. The “ melt ” 
will slowly dissolve, but the solution should be hastened by helping 
the liquid moderately acid wilh bydnwbloric add. When the 
“melt" has dissolved, dean and remove the platinum-dish^ and 
i^vaporate the solution to a paste. Continue the evaporation to 
dryness on a water-bath (not on the hot plate), and whilst drying 
stir with a glass rod, feeling at the bottom of the dish for any un- 
fused particles, which, if present, can be detecjted by their gritti- 
ness. If there is much grit, it will be necessary to repeat the 
assay ; but with a small quantity it will only be necessary to re- 
fuse the grit and silica after ignition, 

During solution of the “ melt ” and evaporation (which may he 
ifiarried on togetlier), a clear solution will not bo ohtainodj 'a 
flocculent silica will/^ sopamte out, and towards the end of the 
evaporation the mass will get gelatinous. The drying of the 
jelly must be finished qjj' the water-bath ; first, because at this 
tempeiuture tlie silica rendered insoluble in hydrochloric acid, 
whilst the solubility of the alumina, iron, <kc., Is unaffected, which 
would not be the case-at a much higher temperature ; and second* 
oecause the gelatinous residue requires very cautious drying to 
prevent loss from spirting. 

When dry, the substance is moistened, and heated with strong 
hydrochloric acid, and the sides of the dish are washed down with 
water. The silica is washed by decantation two or three times 
with hydrochloric acid and hot water, before being thrown on to 
the filter. The filtrate is again evaporated to dryness, taken up 
with « little hydrochloric acid and water and again filtered 
The residue on the filter is silica. The two lots of silica are 
washed free from chlorides with hot water, dried on an airs' 
bath, transferred to a platinum-crucible, ignited gently at firftt, 
at last strongly over the blast or in a mufile. cooled in a desidoatori 
and weighed, , 

Thb white powdery precipitate is silica (SiO,), and its weiglt^- 
multiplied by loo, and divided by the weight of ore taken, 
the percentage of silica in the sample. Where the percentage 
silicon is wanted, which is very rai’ely the case, it is got by mttlfe 
plj’ing this result by 0.4667. It is always necessary to . exaW&J 
the purity of the body weighed as rilic^. This is done 
fusing the material weighed, and re-determining the 
or^ better, by mixing a weighed portion in a fdatinum-dish 
Uttla strong sulphuric acid, covering with iiydrofiuoriq 
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'evirating, \ii the latter eiwe, the silica wilTbe conviHe# iftto 
fluoride, js^hich will be driven o^, and the impurities will be left 
behind 'as sulphatos of bivium, phopphaie and oxide of tin, 
titanium, <tc. This must bo weighed and deducted from the 
Wfight ofr the silica. In a complete examination of a silictito it 
should be treated with the precipitate containing alumina, ferric 
oxide, &c. 


EXAMINATION OP SILICATES. 

The student interested in the analysis of rocks and rock-forming 
minerals is advised to consult a valuable paper by Dr. W. F. 
Hillebrand in the Ihdletin of the United States Geological Survey^ 
No, 148, to whi(ih I am very largely indebted in the revisioh of 
the following pages. 

, Moisture. — Five grams of the po^.'de^ed sample is dried 
between watch-gbssos in the water-oven for two hours, or till its 
weight is constant ; and the loss is reported as water lost at 
loo'" 0 . The rest of the determinations are made on this dried 
mineral. 

Combined Water, &o. — ^Weigh up i gram of the substance, 
and ignite over the blowpipe for some time in a platinum-crucible, 
cool in a desiccator, and weigli. Record the loss as ‘‘loss on 
ignition,” not as “ combined water.” 

SiUoa.-r-Tho ignition should have been performed in an oxidising 
atrsosphere in a muffle or over a slanting blowpipe flame ; this 
will ensure the oxidation of any pyrites or other sulphide 
present, which if unoxidisod would injure the crucible in the 
,pext operation. The ignited residue is mixed h 6 or 7 
Iframs of anhydrous sodium carbonate. This reagent should be 
the purest obtainable, but its purity should be checked, dv rather 
its impurities should be determined by running a “ check ” or 
♦‘blank” assay with lo grams of it through the stages of the 
analysis ; the impurities will be chiefly silica, alumina and lime, , 
and altogether they ought not to exceed i milligram. The 
crucible with the mixture is heated at fii*st gently over a Bunsen 
and afterwards more strongly in an oxidising atmosphere in a muffle 
or over the blowpipe. The fused mass is allowed to cool in the 
, orudble, and is then dissolved out in a basin with water and a** 
BZ&ll excess of hydrochloric acid. After the removal and cleaning 
of the crucible, the liquor is evaporated almoi?t to dryness. Dr. 
Hildebrand advises stopping short of complete dryness. The 
residue ifi taken up with a little hydrochloric acid and li^atec and, 
Sl^d and washed. The liquor, including the washings, U again 
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antf taken up with water and a little acid, TJsuftily ‘ 
about I per cent, of silica will be thus recovered, Jt is to be 
filtered off and washed and added to the main silica. The 
filti'ate is reserved. The silica, thoroughly washed, is dried i^d* 
ignited at a high temperature for twenty or thirty minutes. It 
is then weighed in a platinum crucible. After weighing it is 
treated with hydi’(ifluoi*ic acid ami a little sulphuric, carefully 
evaporated and ignited strongly. The rosidu<‘, which in extreme 
casas m.oy amount to 2 or 3 per cent, of the rock, is weighed and 
deducted fiwa tht* wTTght of the impure silica. It is retained in 
the crucible. 

Alumina, fee.— 'The filtriite fnvni silica is tre.'ited by the 
bn.sic 'icetiite method. That is, it is Ti 't treat 'd by a cautious 
addition of a solution of soda, almost To the t of pi’oducing 
a piecipiiate, ia order 10 neutralise tl.t exei^s of acid; 2 or 
3 grams < f sodium acetate ;.ri' addl'd, an 1 tln' vvl.ide boiled for a 
minute or s(/. The precij>i!ate is liltej' i olT and WitfTed onU'* 
slighlly. bare the (iit-rate. Tlie prcdpitale Ls ijj^olved in 
hydr(^chloi‘ic, or, peiba. 5 ^ . bo', in nitiic acid ; ai^s reprecipi* 
tated by adding an excOas A ammonia and ’noilinc^The precipi- 
tate is filterod and waid'^' J vv;tM water pe” cent* if 

f ammonium nitrate. Jloth liilirates pro evap^jj^d separat^y to 
a small bulk, '' drop or two of a umonija JSiing added;* to the 
ieeond towards tlio finish. They are filtered into a 6 
or S-ounce flask through a small f^i*, the second filtrate 
coming after, and serving in a nif^^fifter as wash water for the 
first.*. The two washed alumina pnwipilates are dried and pl^-ced 
in the platinum crucible containii^ the residue from silica after 
treatment with hydrofluoric acid.^ They are then ignited in an 
oxidising atmosphere at a high temjicrature for about 10 minutes. 
The w'eight, including that of the residue from the silica, is noted 
as that of “ alumina, <fee.” 

The weighed oxides^ are next fused with bisulphate of potash 
for some hours. The bisulphate should have been first fused, 
apart, until the effervescence from the escape of steam has 
stopped. The melt is dissolved out with cold water and dilute 
sulphuric acid, and any insoluble residue is filtered o|f, 
ignited and weighed. The filtrate is reseiwed for deterndhatiohst 
of iron and titanium. The residue, after weighing, maybe treated 


* If the dishes show a manganese stain, wash them out with a feW drops 
of hydrochloric and sulphurous ^acids. Pass the acid liquor through the 
same small filter but collect the liquor apai't. iilake ammoniaoal and agaia. 
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With hydrofluoric and sulphuric acids for any lulica,* wnicn wouia 
be determ hi (*d by loss. I 4 j may be tested for fc»rium sulpliate 1^ 
treatment with hot strong sulphuric acid; in which this salt 
(}^lssolveS|i but is again insoluble (and so comes out as a white 
precipitate) on diluting with cold water ; the acid also must be 
cold before adding the water. The filtrate containing the iron 
is reduced with sulphuretted hydrogen, boiled till free from that 
gas, filtered and titrated with a standard solution of perman- 
ganate of potsissium. The iron found is calculated to ferric oxide 
by dividing by .7. The iron solution after titration serves for 
the determination of titanium oxide (TiO,). This .'s done colori- 
Snetrically, by idding peroxide of hydrogen free from hydrofluoric 
acid, and comparing the brown co’ jur produced with that pro- 
duced by tho addition of a standn d solution of titanium to an 
equal volume of water contaiupij sulphuric acid * The alumina 
.is determin^'d by difference. Fiom the weight of tho combined 
precipitate whieli has been recorded as “Alumina, <kc.,” deduct 
(i) the residue, insoluble, after fusion with bisnlphate ; (2) the 
ferric oxide ; (3) the titanium oxide j ani (4) the pliospboric oxide 
(P,0,), the amount of which is snbsequentljr determined in a 
separate portion, 'riiis gives the alumina 

Manganous oxido, &c. — Tho filtrate from the “alumina, 
&c. ' contained in a 6 oi- 8-ounce flask, which it nearly fills, is 
ntade slightly alkaline with ammonia and treated with a small 
excess of ammonium sulphide ; the flask is then corked and 
placed on one side for some time {a day or ao) so that the 
manganese suljihid may separate. The precipitate is filtered off 
and washed with water containing ammonium chloride and a few 
drops of ammonium sulphide. The filtrate is reservi d for lime, 
&c. The precipitate is digested with sulpliui-etted Ij^drogen 
water, to which one-fifth of its volume of strong hydrochloric 
aoid has been added ; thi.s dissolves the sulphides of zinc and 
manganese ; any black residue should be tested for coj)per and 
perhaps nickel. Tlie solution is evaporated to dryness, taken up 
with a little water and treated with a small excess of solution 
carbonate of soda. It is h-iled and again evaporated, washed 

* This rarely amounts to more than i miJligram. 

t To make this, dissolve i gram of titanium oxide by fusing for some 
with an excess of bisulpliate of potash and dissolve out with cold 
water and sulpUnric acid. Dilute to i H|^e, having previously added not 
less than 50 c.c. of strong sulphuric acid : i c.c. will contain .01 gram 0^ 
TiOg, For the assay take 18 c.c. of this, add 2 c.c. of peroxide of hydrogen 
and dilate to 100 c.c. Uun thi' from a burette into the flaakcontil the 
colour equals that of the assay. Each 0.0. equals x miUigrain of TiO^. 
.Vlueaddes must be absent * 
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out nith hot water and filtered on to a small filteir ^ oriea, 
and weighed as Mn^Oi. It is calcululed to MuO*.' It 
eontain, and should be tested for oxide of zinc, which, if preseht|jii 
must be deducted. If the dish be ^oines stained duringf,eva)pofls 4 > 
tion, take up with a few drops of hydrochloric and sulphurous 
adds, evaporate, and then treat with carbonate of soda. 

Lime, Sso, — The filtrate from the manganese sulphide is 
boiled, and without c ruling, treated with ammonium oxalate in 
solution, which also thould be heated to boiling. The liquid 
is filtered off and reserved for magnesia. The precipitate is 
dissolved in very little hydrochloric acid anil reprecipitated by 
adding ammonium oxaUte and ammonia to the boiling solution. 
The filtrate and washings from this are reserved for magnesia. - 
The precipitate is either dissolved in dilute sulphuric and titrated 
with permanganate of potash as described under Lime (p. 32a); 
or it is ignited and weighed as oxide. In this last case it may be, 
examined for bariuifi and strontium, the former of which will 
rarely be present. 

Hagnesia. — The from the first lime precipitate is ; 

treats with sodium phosphate and ammonia, and allowed to 
stand overnight. It is then filtered. The precipitate is* dissolved 
in hydrochloric acid ; the solution is filtered into the beaker con- 
taining the solution from the second lime precipitate. Ammonia 
and sodium phosphate are again added, and the precipitate, after 
standing, is ^tered off, washed with water^^containing ammonia ; ' 
it is then dried, ignited and weighed as magnesium pyrophosphate. 
This is calculated into magnesia. 

'Fotash and Soda. — Weigh out .5 gram of the dried ore, 
and mix with an equal quantity of ammonic cbloiide; and to 
the mature add gradually 4 gmms of calcium carbonate (“ pre-‘ 
inpitated”). Introduce into a platinum-crucible and cover loosely. * 
Eeat, at first, gently ; and then at a read heat for from forty to 
sixty minutes. Transfer to a porcelain dish, and digest with 60 
)r 80 C.C. of water ; warm and filter : to the filtrate add aratnonio. 
sarbonate and ammonia, and filter; evaporate the filtrate to 
Iryness, adding a few drops more of ammonic carbonate towar<j|tr 
ihe end ; when dry, heat gently, and then raise the temperattut^ 
So a little below redness. Dissolve in a small quantity of wattitj^. 
idd a drop of ammonic carbonate, and filter through a small 
nto a weighed platinum dish. Evapoiate, ignite 
w^eigh. The residue contaiife the soda and nniniih th* 
t£ chlorides. 

To determine the proportion of potassium, dissolve tMfi 

r, add platinum chloride in mes8, WApQa§i^. i^^ 



ejdrfwict decant through a small weigherffflt^, >' 

Wi^ alcohol, and dry at loo® 0 . 'V^eigh. The substance' 
li jtotawium platinic chloride (aKOl.PtOlJ. Its weight, multiplied 
i^j5o.i94^, will give the weight of potash (K,0). 

^ To find the proportion of soda, multiply the weight of the 
potassium platipic chloride by 0.306 ; this gives the weight of 
potassium chloride. Deduct this from the weight of the mixed 
chlorides first got; the difference will be the sodium chloride, 
which weight, multiplied by 0.53, will give the weight of soda 
(Ka^O), 

Ferrous Oxide. — ^When a qualitative test shows both ferric 
and ferrous oxide to be present, the proportion of the ferrous 
oxide must be separately determined. The finely ground mineral 
mixed with dilute sulphuric acid is treated on a water bath with 
hydrofluoric acid. Solution is best effected in an atmosphere of 
,(»rbonic acid. In about an hour the dei.ompositlon is complete, 
and the solution is diluted with cold water, and titrated with the 
solution of bichromate or of permanganate of potassium. The 
iron found is multiplied by 1.286, and reported as ferrous oxide. 
To find the proportion of h^rric oxide, the ferrous iron found is 
multiplied by 1.428, and this is deducted from the weight of 
ferric oxide obtained by precipitation with ammonia. The 
ammonia precipitate contains the whole of the iron as ferric 
oxide ; hence the nece.ssity for calculating the ferrous oxide as 
feme, and deducting it. 

Fhosphorio Oxide (P,Oj). — ^Weigh up 5 grams of the finely- 
divided and dry sample, and digest with 10 or 20 c.c. of nitric 
add ; evaporate to dryne&s on the water-bath ; take up witl\ a 
little dilute nitric acid ; dilute with water ; and filter. Add a few 
grams of ammonic nitmte and 10 c.c. of ammonium molybdate 
solution, heat nearly to boiling, and allow to settle ; filtef off, and 
wash the yellow precipitate. Dissolve with dilute ammonia, add 
“ magnesia mixture,” and allow to stand overnight. Filter, wash 
with dilute ammonia, dry, ignite, and weigh as pyrophosphate of 
iSaagnesia. The weight, multiplied by 0..6396, gives the weight of 
;|phosphoric oxide. 

! Boluble Silica. — Some silicates are acted on by hydrochloric 
|dd, and leave on evaporation a residue ; which, when the soluble 
have been washed out, consists generally of tlie separated 
with perhaps quartz and unattached silicates. It should be 
: jg^ted, weighed and boiled with a» solution containing less than 
pe* cent, of caustic* soda : this dissolves the separated silica. 
:^0liquoir is diluted, rendered faintly acid, and filtered. The residue 
yib wa^d, ignited and weighed. The loss gtves the solulile fdlica,' 
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Esdniation of Silica in Slags (Ferrous silicates;. — raae i 
gram of the powdered ^slag, treat with aqua regia, evaporate to 
dryness, extract with hydroehloric 'acid, filter*, dry, ignite, and , 
fuse the ignited residue with “ fusion mixture,” then separate 
w^eigh the silica in the usual way. Slags are I'or tlie most piirt 
iecoiiqiosed by boiling with aqua regia, but it will be found more 
convenient and accurate to first extract with acids and then to 
treat the residue as an insoluble silicate. 

Estimation of “Silica and Insoluble Silicates” in an 
Ore. — Take 2 grams of the powdei'ed mineral, ev.-iporate with 
nitric acid (if suli)liides are present), treat dried residue (or 
the original substance if sulphides are absent) with 10 or 20 c.c. 
of hydroehloric a<!id ; again evaporate to dryness, take up with 
dilute hydrochloric acid, lilter, wash, ignite, and weigh. 

Estimation of Silicon in Iron.--- 1 Mace 2 grams of the metal 
(borings or filings) in a four-inch evaporating dish, and dissolve^ ^ 
(with aid of heat) in 25 c.c. of dilute nitric acid. Evaporate 
oomplet-e <lryiu;ss, take' up with 20 c.c. of hydrochloric acid, and 
allow to digest for one hour. Hoil dc>wn to a small bulk, dilute 
with a 5 j)er cent. solutiAn of liydroc'hlonc acid, boil, and filter. 
Wash with acid and watei, dry, ignite iu a platinum crucible, and 
weigh the tSiOj. This, multiplied by 0.4673, gives the weight of 
the silicon. The percentage is calcui.ated in the usual way. 

PRACTICAL KXEliCISES. 

fr 

I. A certain rook is a mixture of 70 per cent, of quartz, 25 per cent, of 
potash-felspar, and 5 per cent, of potash-mica. What per cent, of 

. silica will it contain ? 

a. Two grams of a mixture of silica and cassiterite left, after reduoticn 
in hydrogen, 1.78 grams. Assuming all ibe oxide of tin to have 
J*een reduced, what will be the pen-entage of silica ? 

3. The formula of a compound is 2FeO.SiOj. What percentage of 

silica will it contain ? 

4. Two grams of a sample of cast-iron gave 0.025 of silica. Find 

the percentage of silicon in the metal. 

5. What weights of quartz and marble (CaOO,) would you take to make 

30 grams of a slag having the formula CaO. SiO, t 


CARBON AND CARBONATES. 

Carbon compounds enter so largely into the structure ‘bf 
organised bodies that their chemistry is generally tibnsidered apart; 
from that of the other elements under the head of OrgonKiW 
Chemistry. Carlion occurs, however, among minerals not only 
the oxidised state (as carbonates), but alsoin theelementsayiorim; 
(as im.'sdiaaiond and grapbito), and qpmbiiqed with 
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oiPjrgen, (as in petroleums, bitumens, lignites, snaJes, and^als). 
In small • quantities “ organic matter " ^is widely diffused in 
minerals and rocks. In shales and clays it may amount to as 
as 10 or 2l per cent, (mainly as bituminous and coaly 
matters). 

The assayer has only to take account c!' the organic matt€i’ 
when it is of commercial importance, so uUat in itssays it is 
generally included under “ loss on ignition.” 

In coals, shales, lignites, dtc., the carbon compounds are, on 
heating, split up into oils and similar compounds. Tlie products 
of distillation may be classified as ' ’ater, giiS, tars, coke, and ash. 
The assay of these bodies generally re.solves itself into a distilla- 
tion, and, in the case of the shales, an examination of the 
distillates for the useful oils, paralHn, creosote, &c., contained in 
them. 

Elementary carbon is found in nature .u three different forms, 

* but these all re-act chomieally in the same way. They combine 
with oxygen to form the dioxide.'* The weight of oxygen required 
to hum a given weight ol any form of carbon is the same, and 
the resulting product from all three has the same cliaracteristic 
properties. Carbon dioxide is the common oxide of carbon. A 
lower oxide exists, but on burning it is converted into the dioniide. 
Wherever the oxidation of carbon takes placte, if there is suTlicient 
oxygen, carbon dioxide (carbonic a(;id) is formed ; this re-action 
is the one used for the determination of carbon in bodies generally. 
Th^ dioxide has acid propei*tie.s, and combines with lime and other 
bases forming a series of salts called ciirbonates. 

. The cai*hon-comf)Ounds (other than carbonates, wln’ch will be 
subsequently considered) occuiTiiig in minerals arc generally 
characterised by their sparing solubility in acids. The diamond 
is distinguished from other crystals by its hardness, lustre, and, 
specific graWty. It may be subjected to a red heat without being 
apparently allected, but at a higher temj)crature it .slowly burns 
away. Graphite, also, burns slowly, hut at a lower temperature. 
The other bodies (coals, shales, &c.) differ considerably among 
themselves in the temperature at which they commence to burn. 
Some, such as anthracite, burn with little or no fiame, but most 
give off gases, which burn with a luminous flame. They deflagrate 
when sprinkled on fused nitre,' forming carbonate of polash. In 
ml^ng this test the student must remember that sulphur and, in 
fact, afi oxidisable bodies similarly (J^iflagrate, but it is only in the 
case of carbon compou^^ds that carbonate of potash is formed. 
Carbon unites with iron and some of the metals to form carbides *, 


,0 + 0, = co». 
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combiled torbon of this kind is detected by the odour of iihe 
burotted hydrogen evolved when the metal is tredted with hydra 
chloric acid ; for example, on dissolving steel in acid. , 

The natuiul carbon compounds, although, speaking ^eueraUjj^, 
insoluble in hydrochloric or nitric acids, are more or less attacks 
by aqua regia. The ji^yer seldom requires these compounds to 
be in solution. The presence of “ organic matter ” * interferes 
with most of the reactions which are used for the determination 


of the metals. Consequently, in such cases, it should be rempved 
by calcination unless it is known that its presence will not interfere. 
When calcination is not admissible it may be destroyed by heating 
with strong sulphuric acid and bichromate or permanganate of 
potash or by fusion with nitre. 

Carbon may bo separated from other substances by conversion 
into carbon dioxide by burning. In most cases substances soluble 
in acids are first removed, and the insoluble residue dried, weighed, 
ind then calcined or burned in a current of air. The quantity o? 


“organic matter” maybe determined indirectly by the loss the 
, substance undergoes, but it 

/ u bettor to determine th^ 

r' '■ " ■■ ■■■ ■ ■ “ organic carlwn by co|||i 

fining the calcination 


Fig. 70, • tube, and collectij^^pad 

weighing the earb^^xide 
Formed. Each gram of carbon dioxide is equivalez^l-tb 0.2707 - 
gram of carbon. . - ^ 

Instead of a current of oxygen or air, oxide df copper may 


be more conveniently used. 



The oi)eration is as follows:—; ! 
Take a clean and dry piece of . 
combustion tube drawn out and 
closed at one end, os shown in 
the figure (fig- 70), and a^iit I 
eighteen inches ong. Fititwitb- 
a perforated cork connected with ' 
a U-tube (containing freshlj^., 
fused calcium chloride in coarse? 


Fig. 71. grains) and a set of potai^'j 

bulbs (fig. 71) (contaijmj^;Aj‘:; 
strong solution of potash), the exit of which lust is provid<Sd i 
a small tube containing calcjum chloride or a stick of 
Both the U'tube and bulbs should have ^ loop 
which they may be suspended on ihe hook of the balance 

* F^oraxample, soluble organic acids formed by 
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#£dene6 in wei»)iing. They must both be weighed l)ef^re the 
eombUBtion is commenced ; to prevent abso;;ption of moisture 'dur- 
ing weighing, &c., the ends are plugged with pieces of tube and 
rod^ 

the combustion tube to a depth of about eight inches with 
some copper oxide, which has been recently i nited and cooled in 
a close ;vessel. Put in the weighed portim lur assay and a little 
fr^ copper oxide, and mix in ilie tube by means of an iron wire 
shaped at the end after the manner of a corkscrew. Put in some 
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more oxide of copper, and clean the stirrer in it. Close loosely 
with a plug of recently ignited asbestos, place in the furnace, and 
connect the U-tube and bulbs in the way shown in the sketch 

72). 

■ See that the joints are tight, and then commence the a -mbustion 
'by lighting the burners nearest the U-tube; make the firt^ three 
or four inches red-hot, and gi'adually extend the heat backwards 
the length of the tube, but avoid too rapiil a disengagement of gas. 
When gas ceases to come ofl*, open the pointed end of the tube 
■and dmw a current of dried air through the apparatus. 

The carbon dioxide is absorbed in the pota^ bulbs, and their 
In^jrease in weight multiplied 0.2727 gives the amount of carbon 
^ the substance taken. 

, ;^e increase in weight in the calcium chloride tube will be due 
iq the wcter formed by the oxidation of the combined hydrogen. 
Jif.tjislast is required the increase in weight multiplied by 0.11 1 
to amount* 
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COALS. 

- The determination of the iwtaal carbon in coals and^shales*jfi 
seldom called for; if required, it woubi be pei'ormed in the way 
just described.* The ordiiuivy of a sample of coal involves 
the following determinations — moisture, volatile matter, fixed 
carbon, ash, and sulphur. These are thus canied out : — 

Determination of Moisture. - -Take 3 grams of the powdered 
aampJe and dry in a water-bath for an hour or so. The loss is 
reported as moisture. Coals cari^ from i to 2 per cent. If th« 
dr3ring is carried too far, coala gain a little in weight owing to 
oxidation, so that it is not advisable to extend it over more than 
one or two hours. 

Determination of Volatile Matter. — This dolerniination is 
an approximate one, and it is only when working under the 
same conditions with regard to time, amount of coal taken, and 
degree of heat used, that concordani. results can be arrived kt. 
It is a matter of importi^ce whether the coal has been prpvioualy 
dried before heating or not, since a difference of 2 per cent, may 
be got by working on tiie dried or undiied sample. Take 2 grams 
of the powdered, but undried, sample of coal, place in a weighed 
platinum crucible, and support this over a good Bunsen burner 
by means of a thin platinum-wire triangle. The heat is continued 
until no further quantity of gas comes off and burns at the mouth. 
This takes only a few minutes. The cover is tightly fitted on,,and 
when cold the crucible is weighed. The loss in weight, after 
deducting the moisture, gives the ** volatile matter,” and>fW 
residue consists of “ fixed cariwn ” and “ ash.” ^ 

Determination of Ash.— The coke produced in the lasi^||§)era* 
tion is turned out into a porcelain dish and ignited over a Bunsen 
burner till the residue Is free fi'om particles of carbon. Calcination 
is hastened by .stirring with a platinum wire. The operation may 
be done in a muffle, but this gives results a few tenths of a per 
cent, too low. The dish is cooled in a dessicator, and weighed. 
The increase in weight gives the amount of “ ash,” and the dif- 
ference between this and the isreight of the coke gives the ** fixeif 
carbon.” 

The assay is reporied as follows .— 

Moisture at 100" C. . . . . — percent. 

"Nolatile matter . t . , , — ,1 

toed carbon , . , . r . — it 

Asji — „■ 

contains sulphur — per cent. 

* For coals, and other bodies containiifg suTphur, chromate 
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Determinatioi^ of Sulphur. — ^The sulphur exists in th*6 coal 
flaridy in <arganft combination, partly &s njetallic sulphide (iron 
pyrites, marcasite, &q.\ and, perhaps, as sulphate. So that the 
sijjphur determination must be separately reported, since a 
portion will go off with the voktile matter, and the remainder 
would be retained and weighed with the coke. 

T)ie sulj)hur is thus dtitermined : — Take 1 gram of the coal and 
mu witli 1.5 gram of a mixture of 2 parts of calcined magnesia and 
I part of carlx)natc of soda, and heat in a platinunj crucible for 
one hour or until oxidation is complete. Turn out the mass and 
extract it with water and hromiue, filter, acidulate with hydro- 
chloric acid, boil otf the bromine, and precipitate with baric 
chloride (estimating grjivimetri«illy as given under Sulphur). 
Another method is as follows: — ^Take i gram of the cofil and 
drop it gradually from a sheet of note paper on to 5 grams of 
’ fused nitre contained in a platinum dish. Extract with water, 
Nidify with acetic acid, and estimate volumetrically as described 
under Sulphur. 

Cal^iflc Effect of Coals. — ^The heat-giving value of a coal 
is best expressed in the number of pounds of w\ater, previously 
lieatcd to the boiling j)oint, which it will convert into steam. 
This is generally termed its evaporative- 
power. It may be determined by means of 
tlie calorimeter (fig. 73). This consists of a 
ghiss cylinder marked to hold 29.010 grains 
of Mjg,ter. The instrument consists of a per- 
forated copper stand, provided with a socket 
and three springs. The socket holds a 
copper cylindtjr which is charged with 30 
grains of the dried coal mixed with 300 
grains of a mixtui-e of 3 parts of potassium 
chlomte and i part of nitre. The charge is 
well packed in the cylinder and provided 
with a small fuse of cotton ssiturated with 
mtre. Fill tlie glass cylinder to its mark Fia. 73. 

with water and take the temperature with a 
thermometer maj’ked in degrees Fahrenheit. Ignite the fuse and 
immediately cover with the outer copper cylinder (extinguisher- 
fashion), which wdll be held in its place by the springs. The 
Btop*cock should be closed before this is done. Place the appa- 
ratus quickly in the cylinder of waicn When the action is over 
open^ the stop-cock aijd agitato the water by raising and lowering 
the instrument a few times. Again take the temperaturq. The 

^ould be used instead of oxide ol copper ; and the temperature shosild b« 
limited to dull xedness. ^ 
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rif;e in temporaturo, plus i6 per cent, for the heat used m warm^ 
the apparatus and lost^by radiation, gives the evaporative-power# 
The following is an example : — 

Temperature before experiment . . 67.0’ JF. 

Temperature after , • 79‘U“ m 

Ttise .... 12.0* ^ 

+ »» 

Gives .... 13.2” „ 

One pound of the coal will evaporate 13.2 pounds of water# 


SHALES, ETC. 

The assay of these is carried out in the same way as that of. 
coals, but the volatile matters are separately examined, and, in 
consequence, a larger quantity of material must be used. For tlie 
moisture, volatile matter, fixed carbon and ash, the determinations 
are the same, but a sp^al distillation must be made to pbtaiu a 
suilicient quantity of the volatile products for subsequent exami- 
nation.’ Like 500 or looo grams of the w'ell-sampled and 
powdered shale, and introduce into a cast-iron retort as shown in 
fig. 74. Lute the joint with fire-day, place the cover On, and 


bolt it down. The bolts should have a covering of fire-clay 
protect them from the action of the fire. Place the retort m 
.wind furnace, supporting it on a brick, and pack well around wiilii* 
coke. Build up the furnace around and over the retort 'Witt[ ' 
loose fire-bricks, and heat gradually. 

As soon as water begins to drip, the tube of the retort is ooo^^ 
by wrapp^g a wet cloth aroQnd it, and keeping wet with wasfci 
The water is kept from running into the receiver by a life 
damp fire-clay. A quantity of gas first comes oyer and^ratt 
lost, afterwards water and oily matters# The retort 
hot at ithe dose of the distillation, and when nothing, 

, cff, which occurs in about two ox three hours, yrfft 
, removed, <and the tube heated with a Bunsen 
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■foimrd the mat^ condensed in it into the receiver, and thus to 
clean the thhe. It can be seen when the ttibe is clean by looking 
up through it intc the red-hot retort. The receiver is then 
T>oiii)Oved,«Lnd the retort, taken from the furnace, is allowed to 
cooL ^^en cold it is opened, and the fixed cai’bon and ash 
weighed, as a check on the smaller assay. 

The distillate of water and oil is warmed, and will separate into 
two layers, the upper one of which is oil, and the lower water. 
These are measured, and if the specific gravity of liie oil is taken, 
its weight may be calculated. If the two liquids 
do not separate well, the water may be filtered olf, 
alter cooling, through a damped filter. The sepa- 
ration is, however, best effected in a separator 
(fig. 75). The liquids are poured into this, allowed 
to settle, and the lower layei* drained rff. The 
wplume of the water is measured and its weight 
calculated in per cents, on th<i amount of shale 
taken. 

Examination of the Oil. — A sufficient quantity 
of the oil must be got, so that if one distillation does 
not yield enough, the requisite quantity must be ob- 
tained by making two or more distillations. The 
oils are mixed, and the mixture, after having had 
its volume and specific gravity ascertained, is 
placed in a copper retort, and ro-distilled with the Fio. 75. 
'■fud 'ftf a current of steam. The residue in the 
retort is coke. 

The distillate is separated from the water by mea’^s of thd 
separator, and shaken for ten minutes with one-twenti‘:.th of its 
bulk of sulphuric acid (sp. g. 1.70). The temperature should 
hot be allowed to rise above 40°. Allow to stand, and run off the 
*^acid tor.” 

^ • The oil is now shaken up with from 10 c.c. to 20 c.c. of sodic 
ijdrate solution (sp. g. 1.3), allowed to stand, warmed for half-an- 
iiur, and the “ soda-tar ” run off. 

On mixing this soda- tar with dilute acid, the ** crude shale oil 
oieotote separates, and is measured off. 

, ,^e purified oil is next redistilled in fractions, which come 
the following order : — “ Naphtha,” “ light oil^ “ heavy 
i0il,”'and “ still bottoms.” For the first product, which is only 
certain shales, the receiver isltshanged when the distillate 
:l^^a itpedfic gravity of 0.78. Por the second product the process 
f^'i^hiuiued tffl a drop of the distillate, caught as it falls fr6m the 
retort on a spatula, shows signs of solidifying, 
f light ml?' • 
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The receiver is changed, and the “heavy ’oil*' cj>mes over; 
towards the end a thick brown or yellow viscid product is got. 
The receiver is again changed, and the distillation caiiied to ^ry- ' 
ness. • 

The “crude light oil” is washed (ioldwith 2 percent, of sulphuric 
acid (concentmied), and afterwards wiili excess of soda. Thus 
purified it is again distilled to dryness, three fractions being col- 
lected as before. Naphtha, which is added to the main portion, 
and measured ; “ light oil,'* which is also measured ; and “ heavy 
oil,” which is added to that got in the first (listillation. This last 
is poured into a flat-bottom capsule, and allowed to cool slowly. 
The temperature may with advantage be canted below freezing- 
point. The cooled cake is pressed between folds of lirsen, and the 
paraffin sciile detached and weighed. 

The results may l)e repoitod thus 

Naphtbii, sp. g. . , . , , — 

Light oil, sp. g — 

Heavy oil, sp. g. • . . . — 

Faraliin — 

Coke, — 

The results are calculated in per cents, on the oil taken. Some 
workers take their fractions at each rise of 50" 0 . The composi- 
tion of average shale, as given by Mills, is as follows ; — Specific 
gravity, 1.877 j moisture, 2.54. 


Gas 


Yolatile matter, water, ammonia . > 

23-53 

Oil ) 


Fixed cjirbon . . . • , 

12.69 

Ash 

63.74 


99.96 


The ash is made up of silica, 55.6 ; feme oxide, 12.2 ; alumina^ 
22.14 ; lime, 1.5 ; sulphur, 0.9; soluble salts (containing 0.92 per 
cent, sulphuric oxide), 8.3. 

Total sulphur in shale . . 1.8 per cent. 

„ „ in ash . . 1.3 „ 

For fivther information on these assays, and for the assay of 
petroleums, bitumens, &c., the student is referred to 
“ Commercial Organic Analysis,” Vol. II, 

Determination of Organic Carbou in a Limestone.— 

1 or s: grams and dissolve with a very sh’ght excess of 
hjikpch(orio acid, evaporate to dryness, and determine the 
in the reaidne by combustion with copper"^ oxide. 



CARBON AND CARBONATES. ’ ^ 

lEstimation of Carbon in a Sample of Graphite (5lack* 
lead). — W^igli •up i or 2 grams in a di^i and calcine in the 
muffle till the carbon is burnt off. Weigh the residue, and calcu- 
late the carbon by (b’'?ereiice. 

^beterlhination of Carbon in Iron. — The carbon exists in 
two states — free (gmpliite) and combined, ''’lie following process 
estimates the total carbon : — ^The carbon existing as gi’aphite may 
l)e separately estimated in another portion by the saiiio process, but 
using hydrochloric acjid to dissolve the iron instead of the copper 
solution : — Weigh up 2 grams of the iron (or a larger quantity if 
very poor in carbon), and attack it with 30 grams of ammonic-ciipric 
chloride* dissolved in too c.c. of water. Let the reaction proceed 
for a quartcr-of-an-hour, and then warm until the copper is dis- 
solved. Allow to settle, and filter through a filtering- tube. This 
is a piece of combustion tube drawn out and narrowed at one end, 
as shown in fig. 76. The narrow part is blocked with a pea of 


Fra. 76. 

baked clay, and on this is placed half-an-inch of silica sand (pre- 
viously calcined to remove organic matter), then a small plug of 
asbe.stos, and then a (|uarter-of-an-inc}i of sand. The tube is con- 
nected with a pump working at a gentle pressure, and the solution 
is filtered through the tube with the aid of a small funnel (fig. 77). 
The ^residue is washed, first with dilute hydrochloric acid, and 



then ;snth distilled water. Ti. j tube is dried by aspirating air 
thro^h it, and gently warming ^ *th a Bunsen burner. The tube 
is placed in a small combustl^ 1^^ace, and connected with 
chloride and potash bulbs', ^ shown in fig. 78. The 

* This may be prepared by dissolving 534 grams of ammonium ohloride 
md 854 grams of crystallized ^upac (boride (CuC]f.2H,0) in hot. water 
and orystallizing. 
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, potash bulb to the right of the figure must be weighed* A i^w 
iitream of air is dra^ through the apparafuf;, ai^ the 
gradually raised ; in from thirty minutes to one hour the cojnbtis* 
tion will be complete. Tim potash bulbs are then disconne^^. 
and weighed, and the increase m iltiplied by 0.2727 •gives the 
weight of car^n. 

CABBONATES. 

Carbon dioxide, which is formed by tiie complete oxidation of 
carbon, is a gas with a sweetish odour and t'lste, having a strong 
' affinity for alkalies, and forming a series «)f compounds termed 
carbonates. Tiie gjis itself occurs in nature, and Lj sometime*^ met 
un th in quantity in mining. The cai‘lw)nates occur largt'iy in nature, 
forming mountain masses of limestone, <tc. Carbonates of many 
of the metals, siicli as carbonate of loiid (ccrussite), carbonate of 
iron (chalybite), carbonates of ct>ppep (malachite and chessylitp), 
and carbonate of magnesia (magne.site), are common. 

All he carbonates ^ose of the alkalies and alkaline earths 
excepted) are completely decomposed on ignition into tbtfoxide pf 
the metal and carbon dioxide ; but the temperature required for 
this decomposition varies wth the nature of the base. All 
bonates are soluble with effervescence in dilute acids ; some, such 
as chalybite and magnesite, require the aid of heat. The alkaline 
carbonates are soluble in water ; the rest, with the exception of 
the bicarbonates, are insoluble therein. 

Carbonates are recognised by ♦heir effervescence with aciAs— a 
/itream of bubbles of gas are given off which collect in the tube, 
and possess the property of extinguishing a lighted match. The 
most characteristic test for the gas is a white precipitate, which is 
produ'oed by passing it into lime or baryta-water, or into a elu- 
tion of subacetate of lead. ' 

The expulsion of carbon dioxide by the stronger acids serves fpr 
the separation of this body from the other acids and bases. ' 

Dry Assay.— There is no dry assay in use. Any method 
which may be adopted will necessarily be applicable only to q)e^ 
compounds. 


WET METHODS. 

There are several motbq|ls in use which leave little to be dedli|^ 
either in speed or accuracy. We will give (i) a grayiieis^mi 
method in which the estimatiem may be made directlyby 
the es^bonic acid, or, indirectly, by esrimating ^e oarbcfCE.di^^l^S 
fre^ the loss ; (2) a volumetric one, 1^ p^hicb aa 



"Direct Gravimetric Method. — Fit up the apparatus Blipwn ' 
itf^e diagram (lig. 79). The various tubes are suppoited by a 



feed rod with nails and wire lo 'ps, and connected by short lengths 
of rubbar-tubing. Tlie first tube contains soda -lime. The suiall 
fiask is fitted with a rubber-stopper perforated with two holes, 
through one of which passes the tube of a pipette holding 25 or 
36 c.c, This pipette is to contain 
the acid. The substance to be 
determined is v'-eighed out into the 
Bask. The second tube contains 
Strp^ sulphuric acid; the third, 
pjumice stone, saturated with copper 
sulphate solution, and dried until 
nearly white (at 200“ 0.); the 
fourth contains recently fused cal- 
tdum chloride ; and the fifth, which 
ig the 'weighed tube in which the 
carbonic acid is absorbed, contains calcium chloride and soda-lime,* 
$fi shbwn in fig. 80. The sixth also contains calcium chloride and 
f^*lime ; its object is to prevent the access of moisture and cai*- 
liiomc acid to the weighed tube from this direction ; it is connected 
yrith an aspirator. * 

jSkving weighed the U-tubo and got the apparatus in order, 
up li 2, or 5 grams of the substance and place in the Bask. 

-pipette with dilute acid, close the clamp, and cork Jthe 
^^Tuen see that the apparatuses tight. Open the clamp 
, ' • 

HSeda-lime ia made by dissaving 100 grams of ** soda’’ in water, and caxe< 
200 grams of lime wi h it. Evaporate to dryness in*an iron 
ati alow r^d Iftat tn a crucible. Use the small lumpf. 
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atfd ^Woh froli 10 to 20 C.C. of the add to run on to the aeaaj 
Carbonic acid will be evo' ed and will bo driverJ tbrou^b the tubes 
The gas should bubble through the sulphuiic acid in a moderati 
and regular stream. When the etrervcaccnce slackens the c^| 
is opened and the greater |Urt of the remaining acid rim In. 
When the eflervescence has cejxsed the clamp is opened to its fidl 
extent and a current of air druwn through with an aspirator. A 
gentle heat is applied to the fljisk ; but it should not he prolonged or 
carried to boiling. After tlie removal of the heat a gentle current 
of air is drawn through the apparatus for 30 or 40 minutes.. 
Tlie wciglied U-tulie, which in the eaj*ly part of the operation 
will have become warm if much carbonic acid was present, will 
by this time he cold. It is disconnected, plugged, and weighed. 
The increase in weight Ls due to the carbon dioxide of the sample. 

ExampU. — Ore t4dven 1 gram. 

Weight of tube, before , . 42.6525 grams 

„ after . . 43-^^940 

Increase equals CO, . . . o-44*S « 

Indirect Gravimetric, or Determination by^ Loss. — ^Take 
a Goisslei-’s carbonic-acid appamtus (fig. 81) 
and place in the double bulb some strong Sul- 
phuric acid. Put into the other bulb, the stop- 
cock being closed, 3 or 4 c.c. of nitric acid 
diluted with water. Leave the apparatus In 
^ the halance-hox for a few minutes and weigh. 
Introduce into the flask (through A) about 
I gram of the powdered substance and again 
weigh to find the exact amount added. Allow 
the acid to run gradually on to tlie carbonate, 
and when .solution is complete, heat and aspi- 
rate. Cool and again weigh; the loss in 
weight is the carbonic acid. 

For Example : — 

Weight of apparatus and acids . • 85*494 grams 

„ „ marble . . 86.879 

Equal to marble taken , . 

Weiglit of apparatus and marble . . 

„ ^inus carbonic acid 

Equal to carbonic acid . . * 

1.385 : 100 : ; adoqS : x 


1-385 

86.879 gwtiai 
86.26^ . 

a6o98 
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•T^e substance conl/tiins 44.03 per cent, of cfcborflc «cidt a 
dupli^to a^porLnent gave 43.73 per cent. 

Tl^ method is quicker, but less exact, Tihan the direct gravi- ' 
qpjiric determini.tion. 

VOLUMETRIC ML lOD. 

This, which is of somewhat limited appbcation, is ba.sed upon 
the determination of tho quantity of acid required to decompose 
the carbonate. It consists in abiding to a weighed quantity of 
the mineral a known amount of stiindard solution of acid which 
IS in excess of that required to effect the decomposition. The 
quantity of residual acid is then determined by titrating with 
‘standard solution of alkali This method has been described 
under Lwv 6 * 

GASOMETBIO METHOD. 

This method is the quickest of all, and the least troublesome 
after *1116 apparatus has been once prepared. It yields fairly 
accurate results when worked in the manner described below • 
but if greater precautions are taken the results are exact. It 
depends on the measurement of the volume of gas given off on 
treating the weighed sample with acid. The apparatus described, 
page 52, is used. Weigh out a portion of the mineral which 
shall contain not more than 0.15 gram of carbonic acid (or 0.4 
pam of carbonate of lime) and put it in the bottle. Put in the 
inner tube 10 c.c. of dilute hydrochloric acid (i-i), cork tightly, 
and read off the level of the liquid in the burette ai[.er adjusting 
the pressure. Turn the acid over on to the mineral. Run out 
the water so as to keep the level in the two burettes t])e same. 
When effervescence has ceased, rotate the contents of the bottle; 
finally, adjust the level in the burettes and read oft’ the volume. 
The increase in volume is due to the evolved carbon dioxide. At 
the same time read off the “ volume corrector.” 

Some of the carbon dioxide remains dissolved in the acid in the 
generating bottle, and the quantity thus dissolved will depend on 
the amount of carbonate as well as on the amount of acid present. 
Consequently, a measured quantity of acid should be used in each 
aa^y and a comparative experiment made with a known weight 
of pure carbonate of lime which will yield about the same volume 
of gas. The number of c.c. of gw got in the assay multiplied by 
4.7 will give the numbef of mifiigrams of pure carbcmate of lime 
that Duust be taken for the standard. With ordinary work t^ « 
wrtt>r rarely ihcceeds ilj^a ac. , 
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following eaample t H illustrate the calculalAoiifi ; r- 
(hie gram of a mineral was taken, and yieldftl*49.o^.e, of 
The “ volume corrector ” reading was 100.4 c.c. ’ • ^ ' 

0.2405 gram of pure cjirbonate of lime was then talien, jjjnd : 
treated in the same way j 50.5 c.c. of gas were got. TBe volume 
corrector still read 100.4 c.c. 

0.2405 gram of carbonate of lime is equivalent to 0.1058 gram 
of carbon .dioxide j then, 

50.5 : 49.0 :: 0.1058 : x 
X 5= 10.26 per cent. 

Estimation of Carbonic Acid in the Air of Mines.— ‘Ac* 
cording to a series, of analyses by Angus Smith, the proportion of 
carbonic acid in the air of underground workings varied from 
0.04 to 2.7 per cent, by volume. In places where men are 
working the proportion ought not to i*each 0.25 per cent. 

A simple method of determining whether a sample of aft' 
reaches this limit (0.^5 per cent.) is described by Dr. (J. Le Neve* 
Foster in the “ Proceedings of tjie Mining Association and Insti- 
tute of Corn wall" for 1888. ITie apparatus used is an ordinary 
corked S'Ounce medicii# bottle. This is filled with the^ air to 
be examined by sucking out its contents with a piece pf rubber: 
tube. Half-amounce of dilute lime-water* (tinted with phenoi- 
phthalein) is poured in, If, on coridng the bottle and shakings 
the colour is not discharged, the air contains less than 0.25 per 
cent, of carbon dioxide. If the colour fades slowly, and doep 
not finally vanish till after a great deal of shaking, it maj be 
assumed that the percentage of carbon dioxide does not greatly 
exceed one quarter ; whereas, if the disappearance is rapid after k 
very few shakes, the contrary, of course, is the case." The dfluta 
lime-water is measured out and carried in ordinary half-ounce 
phials, c This method does not pretend to great aecur^, but ac a 
method of distinguishing between good and bad air it ja very 
convenient, and will be found useful, ? 

For determining the actual proportion in the air the following 
plan is adopted Take a bottle which will hold about 50 ouho^ 
and measure its capacity ; fill the bottle with the air to be 
axnined, pour in 100 c.c. of lime-water, and shake up fpr; BOlhl 
time; add phenolphthalein, and titrate the remaining caleii^ 
hydrate with standard solution of oxalic acid. ^ ^ ] 

The solution of oxalic add is made by dissolving a.25 m 
re-crystallised oxalic acid (H^0,0^2H,0) in water and 
i litre. One c.c. - 0.001 gram of lime (OaO), or 0.000785^ 
of oarto dioxide. * 

. * Made by diluting i part by measure of saturate^ 
fo wi|^ recently bpiled distilled -water, ♦ 



, fcke 100 C.C. of the same lime-water, to which^add 1 ilie#same 
tnaottot of.phenjlphthaleiu aa before. Titrate. The difference 
between the two ren.Imgs gives the amountV “acid ” equivalent 
W.he UiM-water neutralised by the carbon dioxide. The num- 
ber of o.o! thus used up, when multiplied hy 0.3989, gives the 
number of c.c. of carbon dioxide (at 0“ 0, I 760 mm.) in the 
volume of air takon. This volume, which is that of the bottle 
less 100 C.O., must in accurate work be reduced to the normal 
temperature and pressure.* The percentage by volume can then 
be calculated. 


PRACTICAL EXERCISES. 

■J. In a gasometric determination 71 3 c.c. of gas were obtained from 
0.2055 gram of mineral. The “volume corrector ” rcjiding was 
102.2 c.c. 0.3445 gram of pure carbonate of lime gave 74.1 0.0., 
Ibe volume corrector” reading wa.s roo.6. What is the per- 
■ centage of carbon dioxide in the sub^ta.ice ? 

2. What volume of dry gas ato“C.and 760 m.m. pressure should be 

obtained from 0.3^5 grau .>1 carbonate of lime? 1 o.a of CO,' 
under these conditions weighs 1.97 milligrams. * 

3. A^smple of coal is reported oh as follows 


Specific gravity 
Moisture . 
Volatile matter 
Fixed carbon . 
Ash. 


1*315 

1. 001 
35 - 4^4 
50.172 
12.02S 


100.000 

• What is there about this requiring explanation ? 

4. Calculate the percentage of carbonic acid in a mineral from the 
following data : — 

Weight of apparatus and acids .... 87.08S8 ^Tams 
»» » I* pins mineral . . 88.8858 „ 

»t If ,, after loss of car- 

, bonioacid, . 88.1000 „ ' 

$. A Mmple of pig iron contains 1.43 per cent, of “ combined ” iind 
‘ Z.02 per cent, of ‘‘free” carbon. Taking 2 grams of it for each 
determination, what weight of CO, will be got on burning the 
^idue ftom solution in ammonium cupric chloride, and what, 
from the residue after solution in hydrochloric acid ? 

BOEOK AKD BORATES. 

n nature as boric acid or sassolme (H,B03)i 
[Na,B.Oy.ioH, 0 )j ulexite or boronatrocalcite ' 
) ; borocalcite tCaB,0,.4H,0) j boracite, 
and some other minerals. Boric arid is also . 

Seei^xder Oascmdric 


occurs i 
or tincal ,^ 
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constfcueni 01 certain silicates, such as tounpaline, axinite, and 
datholite. « * * 

The natural boratijR are used in the preparation of borax, * 
which is liU'gely emjdoyed as a preseiTative agent, ff>r fluxnig, 
and for other purposes. 

There is only one scries of boron compounds which have any 
importance. These are the borates in which the trioxide (B, 0 ,). 
acts the part of a weak acid. The addition of any acid liberates 
boric acid, which separates out in cold solutions as a crystalline 
precipitate. Boric acid is soluble in alcohol and in hot water. On 
evaporating these solutions it is volatilised, although the anhy- 
drous oxide is “ fixed ” at a red heat. The borates are mostly 
fusible compounds, and are soluble in acids and in solutions of 
ammonic salts. 

Detection. — Boron in small quantities will escape detection^ 
unless specially looked for, but there is no diflic-ulty in detecting 
its presence. Heatfed in the Bunsen-burner flame with “ Turner’s 
test,” it gives an evanescent yellowisli-grcc ii colour, due to fluoride 
of boron (BB",). “ Tuber’s tost ” is a mixture of 5 pavtP of bi- 
sulphate of potash and i part of fluor spar. Boric acid itself 
imparts a' characteristic green (‘dour to the flame, which gives a 
spectrum made up of four WTil-marked and equidistant lines, 
three in the green and one in the blue. Solutions of boric acid 
give with “ turmeric paper,” wdiich has been dipped into it and 
dried, a characteristic red tint. This is a very delicate test, but 
in trying it a blank experiment should be canied out alongside 
with a solution made up of the same re-agents which have been 
psed in liberating the boric acid in the sample. 

Solution and Separation. — ^TJie solution presents no diffi- 
culty, but the separation is troublesome. The best method is 
that of Coocli ; wdio, if necessary, Cist fuses with carbonate of 
soda, and after the removal of chlorides and fluorides (by nitrate 
of silver or a lime salt), evapomtes the aqueous extract with 
nitric or acetic acid to dryness in a retoi-t and, subsequently, with 
repeated doses of 10 c.c. each of methyl alcohol. The distillate 
contains the boron as boric acid. Half a gram of the tripxids 
(B, 0 ,) is complcjtcly earned ofer by two evajKirations, each witji 
10 c.c. of the alcohol j hut if water or foreign salts are preset) 
more than this is reejuired. In ordinary cases such ^apbn^ 
tions are sufficient for 0.2 gium of the oxide.* » * , 

* See “ A Method for the Separation and Estimation of Bolio Ao£ 3 ^? 

' IT. A. Gooch, Chemical News, Janiiarr 7, 
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GEAVIMETEIC DETEElflNATION. 

‘ ^Beforf the introauction of Gooch's process it was usual to de- 
temiine the boron trioxide difference." If the alcoliolic 
distillate containing tho boric acid is dig* ' , 1 with about i gram 
(a known weight) of lime for ten or fifteen minutes, the alcohol 
can be evaporated oil' witliout danger of loss. Either calcium 
nitrate or acetate (which will be formed at the same time) }uold3 
lime upon 8ubso(juent ignition. Consequently, the increase in 
weight, after ignition, upon 
that of the lime taken gives 
the amount of boron tri- 
oxide present. Tiie tri- 
oxide contains 31 .4 per cent. 

.of boron (B). Since mag- 
nesia does not form a 
soluble hydrate it cannot 
satififi^ctorily be used in- 
stead of lime. 

The apparatus required 
is shown in* fig. 82. It con- 
sists of a small retort or 
evaporating vessel made out 
of a pipette of 200 c.c. 
capacity. This is heated by 
means of a parafiin-bath 
at I30* or 140" C. It is 
connected with an upright 
condenser, at the lower end 
of which is a small flask 
which serves as a receiver. Fig. 82. 

The quantity of the 

borate taken should contain not more than 0.2 gram of the tri- 
oxide. Insoluble compounds are “ dissolved in nitric acid at once, 
or, if necessary, first fused with sodium carbonate.” With 
soluble and alkaline berates siftficient nitric acid is added to 
r^der it faintly acid. The solution is then introduced into the 
retort. 

The lime, to retain the boric acid in the distillate^ is ignited 
m the crucible in which the evaporation of the distillate is to be 
made subsequently.” It is tlien cooled in the desiccator for ten 
.^liinutes, and weighed. Tho lime is transferred to thq receiving 
and slaked with ai little water. The retort, is lowei’ed into 
ihe bath so that dhly ihe rear dips below the surface The 
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evapoi^ion is carried to dryness, the retort being lowered fuHber 
into tbe bath as the evaporation proceeds. Ten c.e. t)f methyl 
alcohol are introduced <upon the residue, and the evaporation 
again started. Six such portions of alcohol are thus distjded asd 
2 c.c. .of water are introduced and evaporated between the second 
and third, as also between the foiiith and iifth distillations. If 
acetic acid is used instead of nitric in the first instance this addi- 
tion of water is unnecessary. 

The distillate is evaporated in the crucible ignited, over the 
blowpipe, cooled in the desiccator for ten niinutt^s and weighed. 
The increase in weight gives the boron trioxide. The results tend 
to be from i to 2 milligrams too high. 

VOLUMETBIC METHOD. 

This method is applicable to the indirect determination of boric 
add in borax and simUar compounds. It is based on the measure- 
ment of the quantity of normal solution of acid required to 
replace the boric acid, an4 consequently, is rather a meas^je of 
the soda present. The process is an alkalimetric one, and is 
carried out as follows : — "Weigh up 3 grams of the sample and 
dissolve in water. Tint with methyl orange, and run in from an 
ordinary burette normal solution of sulphuric acid until a pink 
tint is got. 100 c.c. of the normal solution of acid are equal to 
7.0 grams of boron trioxide (BjO^), or lo.i grams of anhydrous 
borax (Na,Bp,). ' * 

Examination of Borax. — Tn iddition to the determination 
just given, the following determinations are also required ; — 

V^'ater, — Take about 2 grams and heat to tranquil fusion in a 
platinum crucible. Count the loss in weight as water. 

Stilph/irlo Oxide.—Take 2 grains, dissolve in water, acidify 
with hydrochloric acid, filter, and precipitate with barium 
chloride. Wash the precipitate, ignite, and weigh as barium 
sulphate (see Sulphur). 

Chlorine. — Take 2 grams, dissolve in water, acidify with nitric 
add, filter, and add silver nitrate. Collect, wash, and weigh the 
precipitate as silver chloride. »» 

Alumina. — ^Tako 5 or 10 grams, dissolve in water, boil, 
^monia in slight excess, and filter off the precipitate wheh# 
bas settled. Wash with hot water, ignite, and weigljL as 

(A1.0J. 
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iNTiniNATIOXVL AtOMTC WEIGHTS. 


AluiDinium 
Antimony 
;Argon . 
Arsenic 
Barium 
Bisvujitji 
Boron 
Bromine 
Cadrnium 
CsDsium . 
Calcium 
. Carbon 
\ Cerium . 
Chlorine 
Clft'oraium 
Cobalt ^ 
Columbium 
Copper 
DysproBium 
: Bybium 
Europium 
/iriuorino 
"Cradolinium 
Gallium 
Germanium 
Glucinum 

.to . , 

.Helium 

Hblmiuia 

i^ydrogbn 


iron, • 



Al 

»H !>. 

11 

O 

8b 

120.2 

A 

39.SS 

As 


r>a 

M7-37 

lii 

20S.O 

B 

11. 0 

Rr 

79.92 

Od 

112.40 

('s 

132.81 

Ca 

40.07 

C 

12.00 

Co 

140-25 

(’1 

35-46 

Cr 

S2.0 

Co 

5X-97 

Cb 

93-5 

Oil 

63-57 

i)y 

162.5 

Er 

167.7 

Eu 

152.0 

V 

19.0 

* Gd 

157*3 

Ga 

69.9 

Ge 

72.5 

m 

9.1 

All 

1972 

Ho 

3-99 

Ho 

163.5 

H 

I.OoS 

In 

114.8 

I 

126.92 

. <Ir 

193-1 

. Fe 

. .55-84 


• 82.92 

. La' 

139 -^’ 




Lend . 

Idthium 
Lutecium . 
Magnesium . 
Manganese . 
Mercury 
MolyV)donum 
Neodymium 
jNeon . 

Nickel 

Niton (radium 
emanation) 
Nitrogen 
Osmium 
Oxygen 
Palladium . 
l^hosphorus 
rialiunm . 
Potassium . 
Praseodymium 
lladjum 
Rhodium , 
Rubidium . 
Ruthenium . 
Samarium • 
Scandium , 
Selenium . 
fiilicon 
Silver , 

Sodium 
Strontium . 
Sulphur 
Tantalum . 
Tellurium . 
Terbium I 
Thallium . 


0='-l6. 


Pb 

0 

0 

Li 

6.94 

Lii 

174.0 

Mg 

24.32 

Mn 

54.93 

Hg 

200.0 

Mo 

96.0 

Nd 

144.3 

Ne 

20.2 

Ni 

.58.6^ 

Nt 

222.4 

N 

14.01 

Os 

190.9 

0 

16.00 

Pd 

106.7 

J> 

31.04 

Pt 

195.2 

K 

39.10 

Pr 

140.6 

Ra 

226.4 

Rh 

102.9 

Rb 

85.45 

Rii 

I 0 T .7 

8a 

150-4 

Sc 

44.1 

Se 

79.2 

Si 

28.3 

Ag 

107.88 

Na 

23.00 

Sr 

87.63 

S 

32.07 

Ta 

181.5 

Te 

127-5 . 

Tb 

159^2 

T1 

•204.0 
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Thorium 


. Th 

0 = 16 . 

232.4 

Xenon 

Xe 

f 

0 = 16 . 

130.2 

Thulium 


. 'i'm 

1685 

YtterbiuTu 

Yb 

172.0 

Tin . 
Titanium 


. Sn 
. Ti 

1190 

48.1 

(Neoyttorbium) 

Yttrium 

Yt 

89. c 

Tungsten 


. w 

1S4.0 

Zinc . 

Zn 

65*3 

Uranium 


. U 

238*5 

Zirconium . . 

Zr 

90,0 

Vanadium 


. V 

51*0 
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Nitrtc Acid. 


Vd)h shmoir^ the permdage, by Weight, of Eeal Acid in 

Aqueous Solution of Nitric Acid of different Specific GravUm. 
Temperature, 1 5 “ 




itppBiNmx ^ 0T 


HTDBOCJnLORIC Adi#. 


Tabu i^ovmg the percentage, by Weight, of Heal Acid 

Aqueous Sohdions of Hydrochloric Add of differefni Specific 
Gravities. Temperature, 15* 0 . 





Ammonia, 


Table shoteing the percentage, by Weight, of Real Ammonia (im, 
in Aqueme Solutione of Ammonia of different SjKciJie Oravitki 
Temperature ^ 14" C. 


0.8844 36-0 

0.8852 35.6 

0.8860 35.2 

0.8868 34.8 

0.8877 34.4 

0.8885 , 34-0 

0.8894 33*6 ' 

' 0.8903 33*2 

0.8911 32-8 

0 8920 32.4 

0.8929 32.0 

0.8938 31.6 

0.8948 31.2 

0.8957 30-8 

0.8967 30.4 

0.8976 30.0 

a8986 29.6 

a8^ 29.2 

a9^ 28.8 

0.9016 28.4 

• 0.9026 28.0 

a9036 27,6 

0.9047 27.2 

o.90f7 26.8 

0.9068 26.4 

> 0.9078 26.0 

a9o^ 25.6 

0.9100 25.2 

0.91 1 1 24.8 

} 0.9122 24.4 

0.9133 24.0 


0.914s 23.6 

0.9156 23.2 

0.9168 22.8 

0.9180 22.4 

0,9191 22.0 

0.9203 21.6 

0.9215 21.2 

0.9227 20.8 

0.9239 20.4 

^0.9251 20 o 

0.9264 19.6 

0.9277 19*2 

0.9289 18.8 

0.9302 18.4 

0.9314 18.0 

0.9327 17.6 

0.9340 ' 17.2 

0.9353 

0.9366 16.4 

D.9380 16.0 

0.9393 

0.9407 15.2 

0.9420 14.8 

0.9434 14.4 

0.9449 *4.0 

0.9463 * 3-6 

0.9477 13-2 

0.9491 12.8 

0.9505 12.4 

0.9520 12.0 


1 0.9534 n.6 

I 0.9549 11.2 

I 0.9563 10.8 

1 0.9578 10.4 

0.9593 10.0 

0.9008 9.6 

0.9623 9.2 

0.9639 8.8 

0.9654 8.4 

0.9670 oto 

0.9685 ^ 7.6 

0.9701 7.2 

0.9717 6.8 

0 . 9733 * 6.4 

0.9749 0.0 

0.9765 5-6 

0.9781 S.a 

0.9790 4-? 

0.9807 4.6 

0.9823 4.2 

0.9839 38 

0.9855 3-4 

0.9873 3-0 

0.9890 2,6 

0.9907 ■ 2.2 

0.9924 1.8 

0.9941 1.4 

0.9959 

0.9975 0.6 

0.9991 aa 
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Sulphuric Aonx 


TahU lowing Hie percmtage^ hy Wmgid, of Real Add (H,SO^) in 
Aqueom Solutions of Sulphuric Acid 'f varying Specific 
Gravity. Teniperaturef 15" (J. 


i.838 

100.0 

1.568 

66.0 

1.247 

33.0 

1.840 

99-0 

1-557 

65.0 

1.239 

32.0 

1. 841 

98.0 

I - 545 

64.0 

1.231 

31.0 

1.841 

97.0 

1.534 

63.0 

1.223 

30.0 

1.840 

96.0 

1.523 

62.0 

1. 215 

29.0 

1.838 

95-0 

1.512 

61.0 

1.206 

28.0 

' 1.836 

94.0 

1.501 

60.0 

1.198 

27.0 

1.834 

93-0 

1.49^ 

59-0 1 

1. 190 

26.0 

1.831 

92.0 

1.480 

58.0 

1.1S2 

25.0 


91.0 

1.469 

57-0 

1.174 

24.0 

1.822 

90.0 

1.458 

56.0 

1.167 

23.0 

1.816 

89.0 

1.448 

55-0 

1.159 

22.0 

1.809 

88.0 

1.438 

54-0 

1.151 

21.0 

1.802 

• 87.0 

1.428 

53.0 

1. 144 

20.0 

1-794 , 

86.0 

f.418 

52.0 

1.136 

19.0 

1.786 

\ . 85.0 

1.408 

51.0 

1.129 

18.0 

1.777 

84.0 

1.398 

50.0 

t.I 2 I 

17.0 

1.767 

83.0 

1.388 

40.0 

I.II3 

16.0 

^.756 

82.0 

1-379 

48.0 

1. 106 

15.0 

1.745 

81.0 

1-370 

47.0 

1.098 

14.0 

1-734 

80.0 

1.361 

46.0 

1.091 

13.0 , 

1.722 

79.0 

1.351 

45-0 

1.083 

12.0 

1.710 

78.0 

1.342 

44.0 

1.07s 

1.068 

II.O, 

1.698 

77.0 

‘333 

43.0 

^10.0 

1.686 

76.0 

1.324 

42 0 

I.061 

9 0 

1.67s 

75-0 

1.315 

41.0 

1.053 

8.0 

1.663 

74.0 

1.306 

' 40.0 

1.046 

■ 7.0 

1.651 

73.0 

1.297 

39-0 

1.039 

6.0 

1.639 

72.0 

1.2S9 

38.0 

1.032 

5.0 

1.627 

71.0 

1.281 

37.0 

1.025 

4-0 1 

' 1.61S 

70.0 

1.272 

36.0 

1.019 

3.0 

1.604 

69.0 

1.264 

• 35-0 

I.OI3 

2.0 1 

1.592 

1.580 

68.0 

•67.0 

1.256 

34-0 

1.006 

..0 1 
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ESTIMATION OF SMALL- QU AN TITIKS OF GOLD.* 

[n the ease of small buttons of the weight can be. detcnnlneji* 
nore easily and accumtely by measuring with the help of a microscope 
ihan hy the actual use of a balance. Moreover, the molhod of measure- 
nent is applicable to tlie ^teruuuation of quantities of gold top Viiy>ul'e 
io affect even the most flcrfcatc balince. 

For quantities of gold of from .5 to .005 milligram a microscope with 
\ inch objective and B eyepiece is suitable. The lueasuremcnts are made 
with the help of a scale engraved (nr, bettor, photographc(^l on a circular 
Dicoo of glass which rests on the diai)hragm of the eyepiece. This scale 
ind the object upon the stage can be eiusily brought into fopus at the 
iiame time. The button ”of g^d obtained by cupelling is loosened from 
the cupel by gently touching with the moistened point of a knife; 
it generally adheres to tiio knife, and is then transferred* to a glass stide. 
The slide is placed on the stage of the microscope, illuminated from 
below; and the button is brought into focus, and so placed that it 
apparently coincides with the scale. The diameters in two or three 
Erections (avoiding the flattened surface) are then read oJT ; the differeiit 
iirections being got by rotating the eyepiece. The iUoan^ diameter 1 $ 
taken, weight of' the button is arrived at by comparing with, the 
mean diameter of a ilavdard prUl of gold of known weight, Tiie weights, 
tre in the proportion of the cubes of the diameters. For example, suppose 
a prill has been obtained which measures 12.5 divisions of the scale) and 
that a standard prill weighing o.i milligram znoaanres Il.i divisloWi 
The weight will be calculated as follows ; 

• II. l 3 : 12.5* f :: 0.1 


ai X 12.5 X 12.5 _x 1^5 
ii.i X ii.i X ii.i 


a 143 mill!igrain. 


• ‘v r 

" The calculations are simplified ^ the use of a table of .oubei. Tb^ 
standard prills used in the compirison should not differ much in 

• For fuller infoiTuation see a paper on “ The EstWtion of "llihatB 
of Gold,'* by Br. George Tate; before the Liveimool Pelvtechido fioCMClSPr 
Nov. 1889. 



appendix n . 


4.4^ 


^le prills to be^^determined. Thej are prepared bj alloyinfr^'iiowii wei^h^ 
n gold and lead, so )||i to get ac alloj of known coropftitioii,^(«y one per 
cent, gol4 Portions of tne alloy containing 4.he weight of g*old required 
'(say 0.1 milligram) are then weighed off and cupelled on small smootl^ 
«Bupels, made with the finest bone^ash. Care nl^ist be taken to remoTe the 
6'upels as^on as cupellation has finished. Several standard prills of the 
same siie should be made at the same time, and their mean diaroetei < 
calculated. The lead for making the gold-load alloy is prepared from 
litharge purified by reducing from it about lo per cent, of its lead by 
fusion with a suitable proportion of flour ; the purified litharge is pow- 
dered, mixed with suflScient flour and reduced to metal. 

In determining the gold contained in small buttons of silver-gold alloy 
obtained In assnyirjg (and in which the silver is almost sure to be in excess 
•of that required for parting), transfer the button from the cupel to a small 
clean porcelain crucible ; pour on It a drop or two of nitric acid (diluted 
with half its bulk of water), and heat gently and cautiously until action 
has ceased. If the residual gold is broken up, move the crucible so as to 
bring the particles together, so that they may cohere. Wash three or four 
times with distilled water, about half filling the crucible each time and 
decanting off against the finger. Dry the crucible in a warm place ; and 
when dry, but whilst still black, take the gold up on a small piece of 
pure lead. Half a grain of lead is sufficient, and it is best to hold it on the 
prffnt of a blunt penknife, and press it on the gold in the crucible. The 
generally adheres. Transfer to a small smooth cupel and place in 
the muffle. V/hen the cupellation has finished, the button of gold is 
measured as already described. 

PRACTICAL NOTES ON THE IODIDE PROCESS OF 
COPPER ASSAYING. 

For the following remarks and experiments we are indebted to 
Mr. J. W. Westmoreland, who has had considerable experience with the 
prdbess. Having dissolved the ore be converts the met^s into sulphates 
•by evaporating with sulphuric acid. The copper is then separated as sub* 
eulphide by means of hyposulphite of soda, and the p^ecipi^ate is was^jed, 
■dried, and calcined. The resulting oxide of copper is tl;ieu dissolved in 
■nitric acid; and to the concentrated solution, a saturated solution of 
•carbonate of soda is added in sufficient quantity to throw down a con- 
siderable proportion of the copper. Acetic acid is added to dftholve^the 
■precipitate, and when this is effected more of the acid is poured on so as to 
render the solution strongly acid. To this potassium iodide crystals are 
added in the proportion of ten parts of iodiile to each one part of copper 
supposed to be present. The solution is then titrated with "hypo^ as 
nsuaL 

For the examination of technical products experiments mado in 
aiilphuric acid solutions have no ^'alue, since arsenip acid, which Is 
igenerally present to a greater or less extent, affects the end reaction. In 
.•such solutions bismuth may also interfere. 

J'be solution best suited for the assay is one containing acetate of soda 
and free acetic acid. The presence of acetate of soda counteracts the inter- 
ferenoe of arsenic and of bismuth. « 

Tlte return of the bIha colour after titration is due to the' excessive 
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^Kution of tbtf at^say, or to an insufQciency of pota<jsiam ioaiae, or lo me 
presence oJ nitrouJi fumes. The interference of an excess of sodium acetrfte 
IS avoided by adding more iodide crystals to the extent of doubling the 
-usual amount. 

The interference of lead can be avoided by the addition of sulphnrio 
acid or of phospiiate of soda to the acid solution containing the copper, and 
before neutralising with carbonate of soda. I'he end reaction is, however, 
with care distinguishable without this addition. The following expefiments, 
each containing .0648 gram of lead, were made by him in illustration: 


Coppor taken. 

Beagent added. 

Copper found. 

End reiu'tioa. 

.2092 gram 

— 

.2077 gram 

fairly satisfactory 

.2101 „ 

— 

.2092 „ 

„ 

.2167 „ 

sulphuric acid 

, -2152 

N 

.2117 „ 

„ 

.210S H 

„ 

.2109 „ 

phosphate of soda 

.2092 „ 

good, colourless 

.2205 „ 

M 

.2174 » 

rather yellow 


J^fed of Sodium 
copper. 


Acetate ” added , 
“Iodide” added . 
^■Copper found 


/ 

Acetate . — Each solution 

e. d. 

grams. immi. 

. — 16.2 

• 3-5 3-5 

. *3343 -3324 


contained .3343 gram oi 
/• '■ t- 

gtwam. frrams. imuni, 

j6.2 i6.2. 16.2 

7.0 3*5 7.0 

• 335 * 4269 .3356 


In these experiments, except with the excessive quantities of acetate of 
soda and the insulficioficy of potassium iodide in the cases of d and /, 
there was no difliculty with the after-blueing. 


METHOD OF SEPARATING COBALT AND NICKEL. 

The following method of separating and estimating cobalt and nickel has 
been described by Mr. James Hope,* with whom it has been in daily use 
for sevehil years with completely satisfactory results. 

Tho quantity of ore ttikcn should contain about .5 gram of the mixed 
metals. It is dissolved in hydrochloric acid or aqua regia, and the solution 
evaporated to dryness. The residue is taken up with dilute hydrochloric 
acid and hot water. The solution is filtered off from the silica, freed from 
second group metals by treatment with sulphuretted hydrogen and 
filtered, and after oxidation with nitric acid is separated from iron and! 
alumina by the basic acetiite method (page 233). The precipitate is re- 
dissolved in a little hydrochloric acid, and agedn precipitated by soditnn 
acetate. The two filtrates are mixed and treated with aiittle acetic ioidi 
and the cobalt and nickel are then precipitated as sulphides by a enttenir 
of anlpbnretted hydrogen. The precipitate is filtered off, washed; 

• JowmiU qflhe Sochta of ChnmiccU Induttrif, No 4, vol. tx. April 30, i|qfik/ 
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oDu cHiuiuco, ana .yao resnlting oxides are weighed to get an i^ea as \o the 
dnaatity of the two metals present. 06* 

Tlie calcined piscipitafte js dissolved in a small covered beakor in aqna 
regia with the help of*a few drops of bromiu^ to remove any se{>a rated 
sulphur, and the solution evaporated to drynejjs with a few drops , of 
Su’^huric acid. The icbidue is dissolved in hot water, diluted to a^ut 
50.C.C., and Cheated to boiling. About 2 grams (four times the quantity of 
mixed mgtals present) of ammonium phospl.ate are weighed olF, 

dissolved in the smallest possible quantity of war* . aid boiled for a minute 
or two with a few c.c. of dilute sulphuric acid. This is added to the 
boiling-hot solution of cobalt and nickel, which is l-h-^n treated cautiously 
with dilute ammonia until the precipitate partially dissoh Ob. The addition 
of the ammonia is continued drop by drop willi constant stirring, until the 
cobalt comes down as a pink precipitate of ammonium cobalt phosphate 
(AmCoPO^). The btaker is placed on the top of a water bath with occa- 
sional stirring for five or ten minutes. The blue liquid containing the 
nickel is decanted through a small filter and the precipitate is dissolved 
with a few drops of dilute sulphuric acid. The resulting solution is treated 
with a small excess of ammonium phosphate and the cobalt again precipi- 
tated by tlie cautions addition of ammonia exactly as before. The precipitate 
containing the whole of the cobalt is filtered off and washed with small 
quantities of hot water. The filtiato is added to the previous one contain- 
ing the greater part of the nickel. 

ammonium cobalt pliosphate is dried, transferred to a platinum 
crpcible; and ignited over a Bunsen flame for fifteen or twenty minutes. A 
pui^le coloured cobalt pyrophosphate (Co..PjO,) is thus formed, and is 
weighed. It contains 40.3 per cent, of cobalt. 

The mixed filtrates containing the nickel are placed in a tall beaker, and 
diluted if necc^ry to about 200 c.c. Ten c.c. of strong ammonia are 
added, and the solution, heated to 70’ 0 ., i.s ready for electrolysis. A battery 
of *two li pint Bunsen cells is used. This is found capable of depositing 
from .15 to .20 ^^m of nickel per hour, and from two to three hours is 
generally snllieient for the electrolysis. The electrode with the deposited 
nickel^ washed with di.stilled water, afterwards with alcohol as described 
undei copper, and is then dried and weighed. 

The following results obtained with this method by Hr. Hooe illustrate 
the accuracy of the method. They were obtained by working on solutions 
SODtaimug known weights of the two metals : 


Tuken. 

r— 

Found. • * 

Cobalt. 

NlektL 

Cobalt. 

Kickd. 

, 1236 gram 
.1236 „ 

*.2472 » 

.3708 » 

.0618 „ 

.asis M 
.0618 „ 

.1155 gram 

.0577 „ 

.0577 H 
.0577 « 

•3465 *. j 
.2310 « 

.1242 gram 
•.1232 „ 

.2449 » 

.3701 » 

.^19 » , 

.0625 „ 

• 0^21 „ 

.1155 gram 

•0575 .. 

.0585 •» 

.05S0 « 

•3454 .. 

.2295 « 
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A l-RCTUKK ON THB THEORT OF SAMPT.tNO. 

The problom of ^le sampler is esBentlally the same as that of the stpdent 
of statlstios. One aims at getting a small parcel of oic, the other, a 
nvimber of data, but each hopes to obtain what shall lepresent a true 
average applicable to a much larger mass of material. Ignoring the 
mcchiiuioal part of Ae problems, the .sampling errors of the' ocj'aiid 
the deviations from the average of the other are the same thing. 

It may be doubted whether many not specially trained in the study 
of statistics could answer such a question as the following Seven 
hundred thousand men being cmplojed, there are, in a given year, one 
thousand deaths from accident. Assuming the conditions to remain 
unaltered, within wliat limits could one foretell the number of deaths by 
accident in any other year 1 

On the other hand, there is a wide.'?pread belief in the efficacy of what 
is called the law of averages. Even the ordinary n wspaper reader is 
accustomed to look on the national death-rate or birth-rate as a thing 
capable of being stated with accuracy to one or two places of decimals, 

' and he knows that the annual number of suicides is practically constant. 

If a man played whist often and kept a record of the number of trumpi 
in each hand, he would find fortune treated him quite fairly ; in a year’s 
play Che average number would deviate very little from the theoretical 
''average, one-quarter of thirteen. And a knowledge of this truth is 
useful, and teat not merely in keeping ejaculations in due restraint. But 
every good player knows more than this: he has a sense of what variations 
in the number of trumps may reasonably be expected. For example, he 
will be prepared to risk something on neither of his opponents having 
more than five trumps, and will accept it as a practical certainty that no 
one has more than eight. Much of what is known as good judgment is 
based on a proper estimate of deviations from the average. The question 
has an important I earing on sampling, as may be seen from the fact that 
shuffling and dealing at cards are but modifications of the well-known 
mixing and quartering of the sampler. « > 

Because of this bearing on sampling and for other reasons, I b^me 
man; years ago much intcre^.<ed in the question, and gave to its eolation 
perhaps more labour than it was worth. In books on Hedie^ Btfttistios 
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the ^swer lo ttte que^iov is stated in a mathonjatical ferula, 'allej 
'Potsson’s formula^ wbicli, in a modified form, I ^ihall ^'iv%fniT.he]:|^n. ButP 
this did no^ satisfy nie,*because I wanted to learn what a rcassnably safe 
limit oj error actually Aeant, and this could be best learnt by experiment; 
SQ with the help of some friends 1 went in for a yiorongh course cf pcqny 
t<rf’6ing. , 

•Tossing a penny twenty times, an average result would be ten heads and 
ten tails. To find the deviations from this, v:e tossed two hundred 
twenties, i.t., four thousand times. Of the two 1 ndred, tb’rty-thi'ee gave 
the exact average, viz. ; — lo heads ; sixty-four gave an error of one, viz. ; 
—9 or II heads ; forty-nine, an error of two ; twenty -six, an error of three; 
twenty, an error of four ; eight gave an error of five, and this limit was not 
exceeded. From these we may say that six is a reasonably safe limit of 
error. Ninety-seven cases, say one-half, gave an error not exceeding one : 
and the mean error is i.S. 

In other words, in twenty tosses you will not get more than i6 nor less 
than 4 heads ; you are as likely as not to get 9, 10, or 1 1 beads ; and lastly, 
if you lost in twenty throws all heads 01 tails over 10 your average loss 
would be 1.8 penny, or say roughly 2d. on the twenty throws. 

It was necessary to com|>are these with -mother series containing a 
larger average, say that of 100 head.s in 200 throws. I confess the labour 
of tossing pennies two hundred at a time was little to our taste. So from 
abftg of pennies borrowed from the bank, we weighed out samples con- 
twring two hundred, and for an evening we were busy counting heads at¥d 
tails in these. The heads in sixty samples ranged from 80 to 114. One 
hundred heads occuned seven times. The extent and frequency of the 
errors is shown in the table. 


e 

Em>r. 

No. of 
Tunes. 

Enor. 

No. of 
Tiine.s. 

Error. 

No. of 
Tunes. 

I 

8 

6 

7 

II 

I 

2 

5 

7 

3 

14 

3 

3 

6 

8 

3 

*5 

I 

4 

3 

9 

7 

18 

2 

5 

6 

10 

1 

20 



We may call the limit of error 21. Twenty-nine results out of sixty, say 
one-half, had an error not exceeding 4 ; and the mean error is ^.,6, In 
comparing these with the series 10 in 20 we must, working by rule, divide 
not by 10 but by 3. 16, the sqcaro rof^t of 10 ; for if we multiply an average 
by any number * the error is also multiplied but only by the square root of 
the number. The error varies u the square root of the number. Now 

21 -r 3. 16 = 6.6 = limit of error for 10 in 2a 

5.6 -i- 3 16 — 1.8 = mean%rror „ „ „ 

4 ^ 3.16 = 1.2 probable error „ „ „ 

It will be seen that these calculated results agree fairly well with those 
aet^y obtained. The rule by which these calculations are made is ia- 

* The 10 tn 30 multiplied by icf=: 100 in aoa 
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>ortant and ivill bear further iiluatration. Tc crlcnlat^ the Dumber of. 
leads inf3200 thriws, we have to find the limit of error on a true aver&ge 
}f 1600 in' 320a This being 16 times the average^of ioo in^^oo^ the cor- 
responding errors must be multiplied by 4. This gives 
21 4 = 84 = limit of error. 

5.6 X 4 = 22.4 = mean error. 

4 X 4 = 16 = probable error. 

The results I have actually obtained with these large numbers are hardly 
enough to base much on, but have a value by way of confirmation. ^ Ex- 
lecting 1600 heads, the actual numbers were 1560, 1596, 1643, 1557, 
1591, 1605, 1615, 1545. 

it will be seen that exactly half are within the probable error ; but this, 
considering the small number of results, must be more or less of an acci- 
dent ; it is more to the point they arc all well within the limits of error. 

1 have a large number of other results which with a single exception are 
all in accord with those given; and this exception only just overstepped 
the limits. It was like a case of nine trumps, which though in a sense 
possible, is very unlikely to happen in any one’s experience. 

But even now we are not quite in a po'^ition to answer the question with 
which we started. -'If you refer to it you will see that weare face tc faca 
with this problem : the limit of variation on the 1000 who died would 
be say 70,* ignoring decimals. But if we calculate on the jumber who'did 
not (lie, viz.- 699,000, i^e shall get a variation 26 times as great i»s ihfe. 
But it is evident the variation must be the same in each case. 1 submitted 
this kintl of i)robIera also to the test of experiment, the results of which 
gave me great faith in Poisson’s formula. 

Imagine two liundred pennies in a bag all heads np. Any shaking will 
spoil tliis arrangement and give a certain proportion of tailsf And, furl her, 
the probable effect of shaking and turning will be to reduce the prepon- 
derance of heads or tails whichever may be in excess. This of course is the 
reason why we are so unlikely to gut more than I 20 of them in either 
position. r 

But if the two hundred pennies are increased to 20,000 by adding pennies 
which have tails on both sides, then the shaking or mixing would be less 
effective. We should still expect as an average result to get the 100 heads 
but in 20,000 instead of 200. The variation will be 28 or 29 on the 100 
instead of 20. And this is a better limit in such ca.scs. Takitig 28 os thi 
limit of'^error on 100 iwtlancef and proportionally increasing the others so 
t)mt t^ie mean error becomes 7.8 and the probable error 5.6, we may now cal- 
culate the answer without gross mistake. 

The probable variation on the 1000 deaths by accident will be 18, the 
mean variation will be 24.6, and the limits of variation 88.5. One such 
table showing in live years a mean number of deaths of about 1120 per 
annum gives an annual deviation of about 50 up or down of this, it will 
be seen at once that an improvement of 30 or 40 in any one year would be 
without meaning, but that an improvement of from 100 to 200 would indi- 
cate some change for the better in the circnmstances-of the industry. 
Before applying these principles to the elucidation of some of the problems 
of sampling it will be well to give Poisson’s formula (in a modified f:trm) 
and to illustrate its working. 

• • Multiply the errors 100 oy the square root of la 
f Multiply the errors for 100 by the square root of 699a 
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L’bt X equal tile number of cases of one sort, y the ca*!^ of tiie other 
•wt, and z the ‘otal. In the example, z will be the joojxto etiirgi-cd in tlfl 
industry ; x will be tli% looo killed by accidents, and y will Be the 699,000 
who did not so die. The limit of deviation or error calculated by Poisson’s . 
formula will be the square root of Iteplacwe x y and z by the figures 
pf the exihfnple we get the square root of which works out to 

the sq.wre root of 7988,57, or 89.3. Which n: ':. ,s that we may reasonably 
expect the number of deaths not to vary from 1000 by more than 89, i.«., 
they will be between 1090 and 910. It will be seen tlict this number it. in 
veiy satisfactory agreement with 88.5 given by the rougher calculation 
based on my own experiments. 

To come to the question of sampling. Consider a powder of uniform 
fineness and fine enough to pass through an 80 sieve. For purposes of 
calculation this may be assumed to be made up of particles of about one- 

eighth of a millimetre across (say roughly ~ of an inch) ; cubed, this 

gives the content as about " (strictly j*-) of a cubic m.m. Now one 
cubic m m. of water weighs i milligram ; ibercfore 500 such particles if 
tfeey have the specific gravity of water weigh i milligram, and otherwise 
weigh I milligram multiplied by the sp. gr. : 500 piirtirles of ruby sil'^er 
(Pyrargyrite) * will weigh 5.8 muligrams and will contain nearly 3.5 milli- 
jpmms of silver. 

Now suppose a portion of 3.2667 grams (^ Assay Ton) of silver ore to 
contain 500 such particles of ruby silver and no other material carrj’ing 
silver; such an ore would contain 35 ojis. of silver to the ton. But cho 
limits of variation on 500 particles would be 28t multiplied by the square 
root, of 5, or ^2 particles. Thus the limit of sampling error would amount 
•to just one*eighth of the silver present, or say to rather more than 4 ozs. 
to the ton ; the mean sampling error would be rather more than a quarter 
of this, or say about 1.3 ozs. to the ton. 

(Jp the other hand, if one took for the assay a charge six times greater 
(say about 20 grams), the number of j)article8 would be 3000 and the limits 
of variation would be 28 multiplied by the square root of 30, or 153 par- 
ticles, which is very closely ~ of the silver present, or say 1.75 ozs. to^ha 
ton, whilst the mean error would amount to about .5 ozs. to the ton. 

To work these examples by Poisson’s formula let us assume the gangue 
to have a mean sp. gr. of 3. Then 500 particles would wei^i,3 milli- 
grams ; and 3.2609 T gram.s would contain 543,500 pai tides. • There would 
be then 500 of ruby silver and 543.500 of gaoRoe, togeilier 544,000, and the 

formula gives the square root of which works out to 63 par- 

ticles as against 62 by the other method. 

A practical conclusion from this is of course that either the ore must be 
powdered more finely or a larger porKon than 3 grams must be taken for 
the assay. Moreover, it is evident that on such an ore no small sample 
must be taken Containing less than several million particles. 

Consider now a copper ore of the same uniform fineness containing 

• Sp. Or. q 8. Silver 60 per cent. 

t Tsking 28 ae the liicit o^varie|ion on 100. - 

t The weight the ore leas the wefjf^ht of ruby silver in iC 
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wyticles of copper pyrites (sp. gr. 4) of which fdoi partirtes will weign B 
ffiilligram^s mixedriwith gangue of which icxxs particles weigh 6 milli- 
grams. • , ' • ’ 

Ij, If one gram of such ore contain .5 gram of copper pyrites ( = .1725 
gram< copper) and .5 grana>o£ gangue, these will contain 62,500 and say 
03,500 particles respectively. Altogether 146,000 particles, ^ith Pois- 
son’s formula this gives the limit of sampling error as the square root of 

— 52* particles. But a variation of 521 on 62,500 is a varia- 
tion of .83 per cent. The percentage of copper in the ore is 17.25 per 
cent., and .83 per cent, of this is .14 per cent. The limits of sarnpUng 
error, therefore, are 17. ii per cent, and 17.39 per cent. Again, it must be 
remembered that the mean sampling error would be a little over one-quarter 
of this, or say from 17.2 per cent, to 17.3 per cent. The practical conclu- 
sion is that a powder of this degree of iitteness is not fine enough. In the 
last place let us consider a similar iron ore containing 90 per cent, of 
hiematite (sp. gr. 5) and 10 per cent, of gangue (sp. gr. 3), 1 gram of such 
ore will contain 90,00c particles of hsematite weighing .9 gram and con- 
taining .63 gram of iron with say 16,500 pai tides of gangue weighing 
. 1 gram. Altogether 106,500 particles. 

Poisson’s formula then gives the limits of variation as the square root 

or 334 particles. But 334 on 90,000 is 0.23 on 63.0, which is 
the percentage of iron mesent. The limits of sampling error then are 
62.77 percent and G3.23^r cent, and the mean variation is from ^62:9!’ 
per cent, to 63.06 per cent. 

These examples are worthy of careful consideration, and it must be 
remembered tMt the calculations are made on the assumption that the 
rre is made up of uniform {i^ticles of mineral of such fineness as would 
pass easily through an 80 sieve, but which does not pretena to represent 
with great exactness the fineness of the powdered ore customary in' 
practice. They show that having passed through such a sieve is no proof 
of sufficient powdering, not that all ores powdered and so sifted are unfit 
for assaying. This last would be ar absurd and illogical conclusion, r 

If an ore be powdered to a fairly fine sand and then be passed through 
a series of sieves, say a 40, 60, and 80, in such a state that little or none 
remains on the first, but the others retain a large proportion ; then of 
that which comes through the $0 sieve, perhaps two-thirds by weight may 
be even coarser than tiie powder I have used in the example. Of the rest 
most ma; be of about half this diameter ; the weight of the really fine 
powder ‘may be quite inconsiderable. On the other hand, if the grinding 
be continued^ until, on sifting, little or nothing that is powderable remains 
on the sieves ; then in the sifted product the proportions will be very 
<lifferent. This last, of course, is the only right way of powdering. Also it 
is evident that so much depends on the manner of powdering that nothing 
precise can be stated as to the average coarseness of the powder. Suppose, 
however, by good powdering a product is obtained which may be represented 
by a uniform powder with particles i'20th of a millimetre in diameter, (say 

roughly ^ inch). Compared with the previous powder, the diameter has 
been divided by 2.5; their number, therefore, in any given weight ^ 
been increased by the cube of 2.5, which is 15.6. But the value ox a 
mrople vf rie.s as the square root pf tb^ number of particles. Hence the 
vednotion in siie and consequent increase in number has made the 8Mii{dt 
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neoAy four timej^'better than before ;*and it will be seen that this bringa 
th# sampling en or witlTin tolerable limits. • - 9 ^ 

There are one oi; two^wcrds of warning which should fte givev. In tha 
first place, Tising a 90 sieve instead of an 80 rouvt not be too much relief 
on ; the powder I ^ook in Ihe example would pass through it. It is a 1 
«j|}estion of good powdering rather than of fini sifting.* In the stibond 
liace, a seP of, say half-a-dozen, assays concordant within i oz. where the 
theory gives 4 02s. as the limit of error does o^t upset the theory : the 
t heory itself states this as likely. It is the ern r you may f'et in one or 
two assays out of a hundred, not the error you are likely to get in any one 
assay, which is considered under the heading “limit of error." 

Accepting the result just arrived at that a portion of i gram may be 
safely taken for an assay if the particles are i-20th of a millimetre in 
diameter, the further question remains as to what weight of the original 
sample must be reduced to this degree of fineness. 'Phis may be answered 
on the principle that the same degree of excellence should be aimed at in 
each of a series of samplings. This principle is illustrated in the table on 
page 2. 

A fine sand, such as would pass a 40 sieve but be retained on a 60 sieve, 
would be fairly represented by particles on j quarter of a millimetre in 
diameter. This being five times coarser, to contain the same number of 
particles must be 125 times (the cube of 5) as heavy ; therefore 125 grams 
of it can be taken with the sam^' degree of safety as l gram of the finer 
powder. Of such a sand about this weight should be taken and reduced 
to the finer powder. If the ore were in coarse sand, say in particles i 
millimetre in diameter, this would be four times as coarse as that last 
considered, and we should have to take 64 times as much of it : 64 time 
125 grams is 8 kilos, or say roughly from 15 to 20 lbs. This should 1 h 
crushed to t^e finer size and mixed ; then from 100 to 150 grams shonlc^ 
be taken and ground to the finest powder. 

There is, however, a reason why, on the coarser stuff, a smaller proportion 
may safely used. This becomes more evident if we consider a still 
coarser sample. A heap of ore in stones about 2 inches across would be 
50 thnes coarser than the sand, and an equivalent sample would need to 
be 125,000 times heavier ; this would amount to about 1000 tons. Experi- 
enced samplers would say that under such conditions so 'arge a samplo 
was hardly necessary. ' 

Jhis is because 1 have a.c^amed in the calculations that the grains of 
copper pyrites, for example, were all copper pyrites and the particles of 
gffbgue were free from copper. This would be true or nearly |p for the 
very fine powder, but far from true in the case of the ore heap. *’ln.the 
heap probably few of the stones would be pure ore and still *fewer would 
be free from copper. The stones would differ among themselves in their 
copper contents only within certain comparatively narrow limits. And it 
is evident that, if replacing one stone by another, instead of resulting in 
the gain or loss of all the copper one or other contained, merdy affected 
the result to one-tenth of this amount, then a sample of 1- tooth of the 
height (say 10 tons) would be equally safe. 

It should be femembered, however, that while the man who samples on a 
large scale can safely and properly reduce the size of his samples on this 
acbount, yet the priDcii)le is one which counts less and less as the stuff 
becomes more finely divided, and ought to be ignored in the working down 
•f the smaller samples ^hicb comwto iVk a^sayer. 
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WET ASSAY Oi- TIN DUES* 

The wet assaying of tin ores is just now in an interesting stage of de- 
velopment, recalling l.hat of I he wet assay of copper ores twenty or thirty 
years ago. If my judgment as to the urgency of the problem of slime tin 
bo correct, we ought to see a stea- y increasing application of wet 
assaying in the control of operations upon the dressing-lloors of tin inings. 
The chief obstacle to such development will be a mistrust in the minds of 
mining men either as to4he efliciency of the wet methods or as to llieir 
cost. Wet metliods are being used ; those in control of mines are gaining 
experience of them, and their judgment, from which there is no J*i>peai» 
Will depend on results ratliaj^than arguments. Consequently, 1 content 
myself with the statement that the <levelopment will be inleres ing to 
watch ; it may add to that interest if 1 give a sketch of the outfook us it 
appears to me. 

* In the first place I venture to predict that the sale of dre.-^ed tin ore by 
wet assay will bo subject to the control of at least two methods agreeing 
in their results. This opinion probably rests on the analogy of copper 
ores, which may be bought and sold on the results of either the “ iodide” 
or the ” electrolytic " assay. Again, the ore will be finely pulverised ; ^lere 
will be no talk of 8o-mesh sieves, except for t he purpose of grading. 'J’he 
necessity for this fineness, just as with telliiridc gold ores, arises from the 
negds of good sampling. There are mechanical pulverisers for the assaycr 
that will put thiough a sufficient quantity in fen or fifieen minutes. The 
more important samples will enforce the ernftloyment of such machines ; 
and once acquired nearly all the samples will be put through them. The 
quantivjJ^f the tin will not be determined by weighing an oxide ; this 
procedure wi’.l not be used even as an alternative method for purposes of 
confirmation. Possibly, the tin may be weighed, more or less frequenlly, 
as metal. Of the volumetric methods, two, namely, the titrations with 
permanganate and with birhromatc of potash, are piecluded because they 
demand solutions free from iron, and iron is everywhere. There remain 
the well'known titrations with ferric chloride and with iodine. These 
should survive as mutually confirffiatory operations. But the iodine 
method will have the wider field of usefulness because tho nse of ferric ■ 
chloride demands assay liquors free from colour and turbidity, and the 
iodine does not. # 

Using a volumetric method for tin, the assayer should recognise, without 
attachin^^ over-much impoitancei^to ifk a quartcji of a milligram of tin. 
With a iialf-grani charge of ore this q^ntity represents about one 

* The Mining Magazine, Tol. i., p. 231. 
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pound of tin' per t'^n ,• consequently, when pounds of, tin per ton, are^ 
repo^ited, a larger charge, say two or three grams, , must bjf used. VTie 
assay-lif aior in htiy cahc mast contain the Mn as stannous’ chloride in a 
lairly aci(i solution; such liquor.s must be protected from atmospherip 
oxygen as also from tl at dissolved in the vtiter and reagents, ll'he ifn 
in tlie 'created ore may be got into solution directly stannous chloride 
ready for titration, or it may be got as stannic cliloride from whic^ 
Btamious chloride may be prepared by a sub‘»< > lent treatment. Other 
things being equal, it is obvious that the dirt../ method is the more 
advantageous. 

In the dirce.t method it is necessary to reduce tlio cassiterite in the ore 
to metallic tin and to dissolve the metal in hydrochloric acid. The 
dilhculi.y in redm'ing finely pulverised cassiterite to metallic tin does not 
depend on any ditliculty in selecting a suitable reducing agent. Heated 
coal gas will do it slowly ; magnesium vapour acts with almost explosive 
speed, and zinc vapour with an intermediate rapidity that wins my 
U[jprobiition, lint each fails in most cas-es to biing the whole of the tin 
into a form soluble in hydrochloric acid. Even litharge heated in coal-gas 
can show a similarly incomjdete leduction. My method is to mix the tin 
ore with zinc oxide, magnesia, or lime before ireating with the reducing 
ageni. This pievents fritting or tusion during the heating and yields a 
mass that breaks dow^ii comiili te-ly wlien treated liberally with hydro- 
•chloric acid ; wiih insunUnimt a( <1 it yields a clot of hydrated silica, but 
thi3 is easily avoided. My preference is for zinc vapour and zinc oxide, 
but clearly these aie not e.ssential to the jiroeess. One could mix the 
ore wiili magnesia and leduce in coal-gas, then dissolve in hydrochloric 
a«'id, and t.itiate with ferric chloride. This would be e.ssentially the samf 
tm thod, though not as 1 prefer to worlc it. When zinc vapour is used as a 
reducing agent, the tin exists in the mass as an alloy with zinc an<f so 
dia^olves in the acid more (piiekly than if it existed as small tin buttons. 
Willi dressed im ores the solution is clear and evidently complete ; but 
with charges of two or three grams of slime or tailing the liquor is more 
tjian a liti le turbid with silica and oilier material. This barely interferes 
with the ease of the titration when iodine is used, and it is hard to believe'* 
that any one will exert himself much to remove the turbidity. It may be 
urged that such turbidity obscures the evidence of the con dete sqlutioa 
of the tin and so destroys security ; but there are othe” grounds for 
'confidence, and resting on these I anticipate that a large propoition of the 
eamples will be a.^sayed by such a direct metliod. a 

Tlieie are some ores and products from the dresBing-lloor,:^ t^at are 
unsuitable ; some of these will demand a preliminary ckaning in acids ; 
but others may yield to an attack by chlorine, supplementing the action 
of I ho hydrocliloric acid. In this case the liquor will contain stannic 
chloride and the method becomes what I am calling an indirect one. 

The tin of the ore can be got in solution as stannic chloride by first 
reducing to metal and then dissolving in hydrochloric acid and chlorine 
at ju^t indicated. Or it can be effected by Mr. E. V. Tearce’s method, 
in which the ore is fused with caustic soda or putash or with sodium 
peroxide in a nickel or iron dish, ladle or crucible ; to be followed by the 
: solution of the fused mass in an excess of hydrochloric acid. This has the 
advantage of getting everytlt^^ng, quartz and all, into solution, and the 
disadvantage of beii^ available only for^rather small charge&of say half a 
gram or thereabouts. Thp preparation of stannous chloride from the 
etannio chloride liqnofs can be done by the old method of precipitating 
tin as a metallic sponge on sino and then dissolving it in hydrochloric 
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acid. But bj using iron (as recommended by Mr. ^Pearce) 6f nlcke. ^ 

‘ feov£imcnd)ftin8tl;ad of the mure active 2inc, the rcauction stops at the 
stage of htanlctUB cliK^ride and the liquor is ready for titrati/>n ; here again 
the advantage lies with the Aore direct method. TIA: nickel ii&parts a 
gjfeii colour to the liquor that is fatal for the ferric chloride titration, but 
♦does no'harm to tlw detenufnation by iodine. The longer method witli 
formation of stannic chloride and subsequent reduction by nicker is the 
e&sier to teach beginners; and is the one described at p. 285. Hut^thc 
ilirect method present ti no special dinicnlty. The changes in the instruc- 
tions are as follows : The nuiss, cooled, after treatment with zinc vapour 
Is placed in an S-ounce lla.sk, and the crucible and cover are cleaned bj 
immersion in 60 c.c. of hydrochloric acid. The acid is next poured al 
at once into the flask, which should then for safety’s sake be connecter 
with a Kipp to collect the evolved hydrogen. Wh' n the action hat 
slackened, the acid is heated to boiling ; the boiling is continued for live 
minutes and the acid vapours are led into a Wonllle’.s bottle, which serves 
as a conden.ser. The hydrogen in the Kipp is burnt. At the end of lh< 
five minutes, boiling water is poured into the flask, without rcmovini 
the burner, until the bulk is about 150 c.c. A nickel coil is then intro 
dticed, just as in the longer method, and the boiling is continued for fivi 
minutes. The rest of the work — cooling in carbonic acid and titrating 
with iodine— remains unaltered. 

* That any paiticular ore is suitable for the direct treatment is easil; 
determined. For example, while writing thi^ article we tested a samj;)l( 
of the middle product Irorn ^|J8u.ss table. A charge of 2,24 gm. by tin 
direct method gave a result ot 14.5 lb. Two chargc.s of 2.S and 1.4 gra 
by the longer method gave 14.6 and 14 7 respectively. Anotlier chaige o 
1.4 gm., cleaned with acid and then treated by the longer method gavi 
14 f lb. Similar experience with a great variety of materials isifbe prope 
foundation fui cunlideiice. 
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Acid measures, 49 
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determination of, 331 
• Lawrence Smith’s meliiod for, 
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seijaration of, 332 
Alkalimetry, 323 
Alkaline earths, 320 
Aluinin;i, 314 

determination of, 315 
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s^aration of, 314, 316 
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Ammonia, detection of, 341 
determination of, 3}2 
in natural waters, 353 
^ntimony, 225 

detection of, 227 
dry assay for, 226 
gravimetric assay, 228 
separation of, 228 
volumetric assay, 229 
Arsenic, 381 

detection of, 381 
dry assay for, 382 
gravimetric assay, 3S3 s 

in brimstone, 393 
in crude^rsenic, 388, 393 
in mispickel, 125, 392 
iodine, assay for, 386 
separation by di^illing, 38^ 
iiranium acetate, fissay for, ^89 


Arsenic, Volhard^s method applied 
to, 124 

As'-ay book, ii 
rote, 12 
results, 7 
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wet, of tin ores, 450 
AssayinL^ i 

methods, 15 
Assays, check, 154 
preliminary, 147 
Atomic weights, 69 

international, table of, 43 Jj 

Bakium, 326 
Baryta, 326 

Barytes, sulphur in, 378 
Biise bullion, sampling of, 157 
Basic acetate separation, 233 
Baume 8 hydrometc’", 77 
Beryllia, 319 • 

Bismuth, 220 

colorimetric assay 223 
detection of, 221 a • 
gravimetric dgterafi nation oi 
222 

in commercial copper 208 
separation of, 222 
Black tin, 272 
copp(‘r in, 204 
Blank assays, 34 
Blende, sulphur in, 375 
zinc in, 266 
Book, assay, 1 1 
laboratory, 10 
sample, 9 

r B»racic acid. Set Boim 
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examinj^^ion of, 431 
3 ?oron, 429! ^ 

diroci aeSlermination of^43X 
, Brass, copper in, 194 
^ ziwc in, 265 I 

Bromine and bro Aides, 361 
^Bronze, copper in, 194 
Burettes, 51 

Burnt ore, silver in, iiG, 118 
sulphur in, 377 


Cadmium, 269 

gravimet ric determination, 269 
separation ol, 269 
Caesium, 339 

Calcination, 22, 92, 139, 345 
Calcium, 320 

detection of, 321 
gravimetric determipation, 321 
separation of, 321 
titration with normal acid, 322 
titration with permanganate, 
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Calculation of results, 7 
Calculations from formuhn, 70 
Cr,lorifio effect c’S coal, 419 
Calorimeter, 419 
Calx, 345 
Carbon, 414 

gravimetric determination, 416 
f in iron or steel, 423 
Carbonates, 424 

Carbonic acid in the air of mines, 
' 428 

Caustic potash = potassium hy- 
droxide, 65 

* Caustic, sQda = sodium hydroxide, 
. 66 * , 

Cerium, 318 
Chalybite, iron in, 243 
Charcoal, 21, 94 
Check assays for gold, 154 
for silver, 104, 1 13 
Chlorine and chlorides, 359 
Chromium, 307 

gravimetric assay, 309 
in chrome iron ore, 308 
volumetric assay, 309 
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[^Cobalt, 250 « 

dctecuoif of, 25^ 
dry assay,ifor, 251 
gravimetric dot erminttion, 2C0 
in hardhead, 2S8 
sepaniliou from nickel, 254, 258/ 
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Coke, 25 

Common salt, examination of, 336 
Concentrates, assay for gold of, liio 
Colorimetric assays, 44 < 

Copper, 175 

Copper, bismuth in. 208 

colorinietric assay for, 190, 203 
commercial, arsenic in, 208, 388 
commercial, copjter in, 193 
commercial, examination of, 205 
cyanide assay for, 194 
dry assay of, 176 
dry assay, loss of, in 176 
electrolytic assay for, 190, 20 j 
gold in, 206 
iodide a«say for, 199 
iron in, 209, 2^19 * ^ 

lead in, 206 ' ' 

separation of, 183 
silver in, 205 
sulphur in, 207 
Copper ores, solution c^, 183 
valuation of, 181 

Copper pyrites, copper in, 179, 188, 
198, 202 
sulphur in, 376 

Culm, 22 r 

Cupel, 23, 142 

Cupcllation, loss, corrections for, 103 
loss in gold, 145 
loss in silver, loi , 

of gold lead dloys, 182 
of silver lead alloys, 98, lio 
temperature of, 143 
Cyanicides, 169 
Cyanide assay for copper, 194 
for nickel, 255 
for tin, 280 

Cyanides, alkalinity of, 167 
0 assay of, 167 

commercial, 160 ‘ 

double, 161 

gold-dissolving power, 162 
prussic acid, 162 f 

r volumetric determination of, 
' 163, ws 
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. Qjanfdc liquors, fTkaliniJy #f, 167 
%r„ssay of, 164, 165 
assa^ oL for i^o 
assay o* for zinc, Ac., 169 

Daniell c^ls, 185 
Didyminui, 319 
Dollars to tin- ton, 9 
Dry assays, 16 
Drjiftg, i 33 


EARTHS, 314 

the alkaline, 320 
Electrodes, 187 
Electiolysis for copper, 184 
for nickel, 254 
Equations, 69 
Erbia, 319 
• • 

• 

Ferrous and ferric salts, 231 
T<]jUiation, 31 
FinishiK<; point, 42 
Flasks, graduated, 49 
Flailing, 149 

Fluorine aiul fluorides, 363 
Fluxes, 16,93,^36, 13K 3)0 
ForniulsE, 68 
Furnates, 25 


fjold ores assay with cyanide fcOlRj 
tions, 141 - ' # 

calcination 139 *• w 
concentrates, 140 
fluxing 136, 138, 140 
sampling of, 12/ 
size of assay chaiges, 127 
tailing', ^40 
Gold-parlii . , 150 

platinum in, 145, 154, 170, 171 
Gold-zinc slimes, 142 
Graduated vessels, 49 
Gravimetric methods, 15. 27 


HALOaENS, 358 
Hot plate, 30 

Hydrogen, preparation of, 62 
redu.'l.ton by, 284 
Hydrometer, 77 


Ignition, 32 

in hydrogen, 284 
Indicators, 42 
Inquart.ation, 146 
Iodine and iodides, 36a 
Irhlium, 171 
Iron, 231 

bichromate assay for, 237, 243, 


Galbkta, lead in, 217, 218 
Gangue, 405 

iron in the, 244 
Gas-measuring apparatus, 52 
Gas^s, measurement of, 44 
Gay-Lussac’s assay for silver, 119 
assay for silver modified, j 33 
German silver, copper in, 194 
nickel in, 255, 259 
Gold, 126 

amalgamation of, 126 
in cyanide liquor, 140 
loss of, in cupellation, 145 
loss of, in parting, 154 
preparation of, 63 
silver in. 157* 

silver in, after parting, 154 
•test for, 126 

Oolt-lead alloys, cupellation qf, 14^ 
• sampli^of, 158 • 


carbon in, 423 
colorimetric assay for, 247 
ferrous and ferric, 231 
gravimetric deternc lation. 23^ 
permanganate ass..y for, 236, 
238 

phosphorus in, 399 
reduction of ferric slft\|ftions, 
235, 241 » 

separation of, 232 
stannous chloride assay for, 244 
volumetric assays for, 234 
Iron ores, iron in, 244, 247 
phosphates in, 399 


Labobatobt books, 9 
Lantbanim, 319 

Lawrence Smith’s method for alk* 
• ^es, 333, 41a 
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4156 

2 H ^ 

colo|iiuetric ''.ssay for, 2186 
detect ion of, 211 
’ dry assay for, 21 1 

''gravimetrig doterniiJHtion or, 

in commercial copper, 200 
in galena, 217, 218 
separation of, 211, 213 
volumetric determination of 
chromate method. 214 
molybdate metltod, 218 
Litharge, use of, in dry assays. 20. 

Lithium, 338 
Lime, 320 

nnl^*of, ^21 

volumetric as.^ays tor. 322 
Limestone, examination ul, 329 
lime in, 324 
Limewater, 321 
Loths, 9 


llAGNKSTA, magnesium, 328 
mixture, jireparation of, 64 
Manganese, 298 

■> colorimetric lussay, 306 

detection of, 299 
gravimetric determination of, 

300 . , 

separation of, 299 
volumetric determination of, 
300 

Manganese peroxide, ferrous sui- 
^ ' pfiate assay for, 301 
iodine assay for, 302 
sr manganese dioxide, 29S 
Mangai.ese ore, copper in, 204 
*■ inanga':e.se in, 300 
peroxide in, 302 
Matte, 18 
Measuring, 49 
flasks, 49 

gases, 44 « 5 * „ 

gold buttons, 133, 440, 
liquids, 49 

silver buttons, 106 ^ 

Mechanical methods, 16 . 

Mercury, 171 

dr^ assay, 17* , 

wa. assay, 173 


Metallic p«\rticles in ores, gold,, • 
*29 o 

particles inbrfis, silver, 108 
Micrometer,' 1 33 

Microscope, measuring with t»’e, 
440. *33 

Mispickel, arsenic in, 125, 392 
sulphur in, 376 * 

Moisture, 7, 350 

Molybdate separation for phos 
yihatcs, 395 

solution, preiiaration of, 00 
Molybdenum, 31 1 
Mu tile, 25 


N kssler’s solution, 342 
Nickel, 251 

dry assay for, 251 
electrolytic assay, 254 
gravimetric determination of^ 
25 t 

in (ieiman silver, 255, 259 % 
separation from coba’t, 2^4, 
23 ^ 442 . Q 

separai ion from won, 255 

separation from raangimese, 258 
sej^aniiion of, 2^3 
volumetric assay, 255 
Niobium, 297^ 

Nitre, 22 

use of, in dry assays, 95 
Nitrogen and nitrates, 460 
Nitrometer, 403 

i Normal acid, normal solutions, 323 


Obeb, det ermining water in, 5, 351 
drying, 5 c 

powdering, 4, 109, 130, 440 
quantities of, for an assay, 11, 


27, 127 

sampling, I, 127,444 

with metallic particles, 3* ^OOi 


129 

Osmiridium, 171 
Osmium, 171 

Ounces to the ton, long, lo; 

to the ton, short, 132 
Oxidation, 345 

*X)xidas, 715 , . « 

I deturinination of oxygettWi 340 
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• OridiBing agent#, 22, 3|s 

• eff^t of niy:e. 95 
effect %f nitric ac 56 
Oxygen, 344 

i; 7 ui valent, 358 
in natKiral waters, 344, 356 
in ores, 348 


Palladium, 171 
Parting, 150 
acids, 150 
in flasks, 151 
in glazed crucibles, 153 
in special apparatus, 156 
in test tubes, 152 

Phosphate, assay of apatite for, 399 
assay of iron ore for, 399 
Phosphates, gravimetric assay, 396 
^ •^okimetric assay, 397 
Phosphorus and phosphates, 394 
. in iron, 399 
50, 120 

Platinum, 170 

in gold, 145 , I 54 , 170 
Potash, commercial examination of, 
338 

Potassium, 3 ^ 

gravimetric determination, 337 
Potassium cyanide, 22, 65, 160 
commercial assay of, 167 
commercial, purity of, 16 1 
Powdering, 4, 130, 448, 109 
Precipitation, 30 
Precipitates, drying, 32 
igniting, 32, 34 
• washing, 31 

Preliminary assays, 104, 147 
Preparation of acids, 54 
of other reagents, 39 
Prill, 108, 129 
Produce, 8 

Pyrarsenate of magnesia, 383 
Pyrites, iron in, 244 
sulphur in, 370, 376 
pyrophosphate of magnesia, 397 


t)l^TZTY to be taken for an assay, 
II* * 7 * 127 
^nartation, 146 
Qoartering. * 


4^7 

KEAGiCNTfl, strength ef, 34 
tied lead for dry assaya, », 22, 94 
Reducingp agents, 21, 94* ' 
effects of charcoal, &c., 94 
effecPof raineijd sulphided, 95,' 

97.9* 

Rednction by )>vdrogen, 284 

of ferric st. iuiions, 235, 242, 244 
Hegulus, 18 
Report form, 12 

llesults, calculation of, 7, 13, 16, 38, 

107. 131. 132 

statement of, 7 
Rhodium, 171 
Roasting, 22, 345 
Rolling, 149 
RubidiiiLn, 340 
Ruthenium, 171 


Sample book, 9 
Sampling, 1 

effect of powdering on, 449 

errors, 447 

gold ores, 127 

metals, 157 

theory of, 444 

Scorilioation of silver ores, 88 
Scorifier, 23, 89 
Selenium, 379 

Separation, as sulphides, 57 
basic acetate, 233 ' 
molybdate, 395 
Shales, bituminous, 420 
Silicon and silicates, 405 
in iron, 414 

Silica in rocks, 409 * 

in slags, 414 

Silicates, alkalies in, 333,.4'iy 
beryllia in, 320 ^ 

examination of, 409 
titanium iu, 41 1 
Silver, 87 

correction tor cupellation loss, 
103 

detection of, 87 
Gay-Lussac’s assay, 119 
Ga^-Lussac’s assay modified, 

gravimetric determination oi, 

r, 117 
' in .bullion, 113 
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silver in bunjj. ore, ii6, ii8 
in caoper, 11^, 205 
in gat^na, 114 
in lead, 113 
'n oxide of lead, 1131 
in silver pr&cipitate, 115 
loss in Gupeilation, loi 
pure preparation of, 66 
Volhard’s assay, 121 
voluuioiric methods, 119, 121, 

123 

Silver lead alloys, cupellation of, 98 
sampling of, 157 
Silver ore, crncible assay of, 90 
molallio particles in, 108 
scorificaiion of, 88 
Size 7 .'liarges, ii, 27i 127 
Slags, 19 
Soda -1 irno, 425 
Sodium, 334 
Sodium cyanide, 160 
Solution, 29 
Solutions, normal, 323 

standard, 36 . 

Specific gravity, 75, 436 * 

Speise, 19 
Standard, 37 
solutions, 36 
^•Standardising, 37 
Steel, carbon in, 423 
chromium in, 310 
manganese in, 300 
Stoking, 25,' 143 
Strength of reagents, 54 
Strontium, 324 
Sulphates and sulphur, 367 

gravimetric determination, 369 
volumetric determination, *370 
Sulphides, reducing action of, 9, 95 
Su^hl^c^^nate assay for silver, 121 
Sulphur in blende, 375 
in burnt ore, 377 
. in chalcocite, 376 
in coal, 419 
in copper, 207 
in copper pyrites, 376 
in mispicktil, 376 * 

in pyrites, 370, 376 
Sulphuretted hydrogen, pre^jiaration, 
57 

Surcharge, 154 
System in assaying, 28 


Table, «at(^ic weights, 433 
comparing thermometers, t 
ounces *^o tlfe fbng t/m,*i07 
ounces to the short ton, 13 
sp. g. ammonia, 438 
sp. g. hydrochloric acid, 43 
sp. g. minerals, 86 
sp. g. nitric acid, 436 * 
sp. g. sulphuric acid, 439 
sp. g. water, 83 , 

Tantalum, 297^ 

I’artar, 20, 94 
Tellurium, 379 

improved test for, 150 
Thallium, 219 
Thorium, 317 

Tin, 271. See also Mack Tin 
assay for, by vanning, 276 
Oorni.sh as.‘'ay, 278 
cyanide assay, 280 
gravimetric determination of, • 
284 

8epa.ral.ion of, 283 
volumetric assay for, 28;; 
wet assay of ores of, 450 
Titanium, 295 

detection of, 296 
inrock.s4ii 
separation, &c., ^7 
Titration, 35 

indirect, 43, 72 • 

Ton, assay, 13, 131 

long, 2240 lbs. 32,666.^01., 
107 

short, 2000 lbs. e 29,1666.6 oz., 
132 

Tungstates, 297a 
Tung-ten, 297a 
Tungstic acid, 297a 

g ravi m et ric d etermination, 3976 
in wolfram, 297^ 

Uranium, 312 

Valuation, of copper ores, 181 
Vanadium, 310 
Vanning, 276 

Volbard's assay applied to aiseniof 
124 « 

silver assay, 12 1 

Volume-corrector, 53 r 

y^tlu metric assay, 35, 38 
v/ i- < 


f 
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• t Water, 7, 350 • 

^ dit;pct determination of, 351 
examinatidn ^f, 3/2 
expansion of, S3 
solids in, 354 
Weighing! 47 
* small gold buttons, 131 
Wergh^s, 47 

Wolfram, an analysis of, 2970 
• tungstic acid in, 


Xttria, 319 




439 


Zisc, 261 - _ 

commercial,# exami^tion of, 

commercial, iron in, 249 
commercial, i<^d in, 214 * 
dry assay, 261 
gasofvlric assay, 266 
gravj iiiitric determination, 262 
in blende, 266 
in cyanide liquors, i 9 
in silver pre( Ipitate 266 
separation of, 262 
volumetric essay, 263 
Zirconia, 317 
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